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Preface

This fifth edition of A Dictionary of Science, like its predecessors, aims to provide
school and first-year university students with accurate explanations of any
unfamiliar words they might come across in the course of their studies, in their
own or adjacent disciplines. For example, students of the physical sciences will find
all they are likely to need to know about the life sciences, and vice versa. The
dictionary is also designed to provide non-scientists with a useful reference source
to explain the scientific terms that they may encounter in their work or in their
general reading.

At this level the dictionary provides full coverage of terms, concepts, and laws
relating to physics, chemistry, biology, biochemistry, palaeontology, and the earth
sciences. There is also coverage of key terms in astronomy, cosmology,
mathematics, biotechnology, and computer technology. In addition, the dictionary
includes:

e over 160 short biographical entries on the most important scientists in the
history of the subject

e ten features (each of one or two pages) on concepts of special significance
in modern science

e ten chronologies showing the development of selected concepts, fields of
study, and industries

e eight Appendices, including the periodic table, tables of SI units and
conversion tables to and from other systems of units, summary
classifications of the plant and animal kingdoms, and useful websites.

For this fifth edition over 300 new entries have been added to the text,
incorporating recent advances in all the major fields and increased coverage of
climatology, seismology, and computing.

In compiling the dictionary, the contributors and editors have made every effort to
make the entries as concise and comprehensible as possible, always bearing in
mind the needs of the readers. Particular features of the book are its lack of
unnecessary scientific jargon and its extensive network of cross-references. An
asterisk placed before a word used in an entry indicates that this word can be
looked up in the dictionary and will provide further explanation or clarification.
However, not every word that is defined in the dictionary has an asterisk placed
before it when it is used in an entry. Some entries simply refer the reader to
another entry, indicating either that they are synonyms or abbreviations or that
they are most conveniently explained in one of the dictionary’s longer articles.
Synonyms and abbreviations are usually placed within brackets immediately after
the headword. Terms that are explained within an entry are highlighted by being
printed in boldface type. Where appropriate, the entries have been supplemented
by fully labelled line-drawings or tables in situ.

JD
EM
2005



aa See LAVA.

AAS Sce ATOMIC ABSORPTION SPEC-
TROSCOPY.

ab- A prefix attached to the name of a
practical electrical unit to provide a name
for a unit in the electromagnetic system
of units (see ELECTROMAGNETIC UNITS), €.g.
abampere, abcoulomb, abvolt. The prefix
is an abbreviation of the word ‘absolute’
as this system is also known as the abso-
lute system. Compare STAT-. In modern
practice both absolute and electrostatic
units have been replaced by *SI units.

abdomen The posterior region of the
body trunk of animals. In vertebrates it
contains the stomach and intestines and
the organs of excretion and reproduction.
It is particularly well defined in mam-
mals, being separated from the *thorax
by the *diaphragm. In many arthropods,
such as insects and spiders, it may be seg-
mented.

Abelian group See GROUP.

aberration 1. (in optics) A defect in the
image formed by a lens or curved mirror.
In chromatic aberration the image formed
by a lens (but not a mirror) has coloured
fringes as a result of the different extent
to which light of different colours is re-
fracted by glass. It is corrected by using
an *achromatic lens. In spherical aberra-
tion, the rays from the object come to a
focus in slightly different positions as a
result of the curvature of the lens or mir-
ror. For a mirror receiving light strictly
parallel with its axis, this can be cor-
rected by using a parabolic surface rather
than a spherical surface. Spherical aberra-
tion in lenses is minimized by making
both surfaces contribute equally to the
ray deviations, and can (though with re-
duced image brightness) be reduced by
the use of diaphragms to let light pass
only through the centre part of the lens.
See also ASTIGMATISM; COMA. 2. (in astron-
omy) The apparent displacement in the

position of a star as a result of the earth’s
motion round the sun. Light appears to
come from a point that is slightly dis-
placed in the direction of the earth’s mo-
tion. The angular displacement o = v/c,
where v is the earth’s orbital velocity and
c is the speed of light.

abiogenesis The origin of living from
nonliving matter, as by *biopoiesis. See
also SPONTANEOUS GENERATION.

abiotic factor Any of the nonliving fac-
tors that make up the abiotic environ-
ment in which living organisms occur.
They include all the aspects of climate,
geology, and atmosphere that may affect
the biotic environment. Compare BIOTIC
FACTOR.

abomasum The fourth and final cham-
ber of the stomach of ruminants. It leads
from the *omasum and empties into the
small intestine. The abomasum is re-
ferred to as the ‘true stomach’ as it is in
this chamber that protein digestion oc-
curs, in acidic conditions. See
RUMINANTIA.

ABO system One of the most impor-
tant human *blood group systems. The
system is based on the presence or ab-
sence of *antigens A and B on the surface
of red blood cells and of *antibodies
against these in blood serum. A person
whose blood contains either or both
these antibodies cannot receive a transfu-
sion of blood containing the correspond-
ing antigens as this would cause the red
cells to clump (see AGGLUTINATION). The
table illustrates the basis of the system:
people of blood group O are described as
‘universal donors’ as they can give blood
to those of any of the other groups. See
also IMMUNE RESPONSE.

abscisic acid A naturally occurring
plant *growth substance that appears to
be involved primarily in seed maturation,
stress responses (e.g. to heat and water-
logging), and in regulating closure of leaf



abscissa

Group Antigens on red Antibodies Blood group of Blood group of
cell surface in serum people donor can people donor can
receive blood from | give blood to
A A anti-B A0 A, AB
B B anti-A B, O B, AB
AB Aand B none A, B, AB, O AB
(o] neither A nor B anti-A and (o] A, B, AB,O
anti-B

The ABO blood group system

pores (stomata). In seeds, it promotes the
synthesis of storage protein and prevents
premature germination. In leaves, abscisic
acid is produced in large amounts when
the plant lacks sufficient water, promot-
ing closure of stomata and hence reduc-
ing further water losses. It was formerly
believed to play a role in *abscission,
hence the name.

abscissa See CARTESIAN COORDINATES.

abscission The separation of a leaf,
fruit, or other part from the body of a
plant. It involves the formation of an ab-
scission zone, at the base of the part,
within which a layer of cells (abscission
layer) breaks down. This process is sup-
pressed so long as sufficient amounts of
*auxin, a plant growth substance, flow
from the part through the abscission
zone. However, if the auxin flow declines,
for example due to injury or ageing, ab-
scission is activated and the part becomes
separated.

absolute 1. Not dependent on or rela-
tive to anything else, e.g. *absolute zero.
2. Denoting a temperature measured on
an absolute scale, a scale of temperature
based on absolute zero. The usual abso-
lute scale now is that of thermodynamic
*temperature; its unit, the kelvin, was for-
merly called the degree absolute (°A) and
is the same size as the degree Celsius. In
British engineering practice an absolute
scale with Fahrenheit-size degrees has
been used: this is the Rankine scale.

absolute alcohol See ETHANOL.

absolute configuration A way of de-
noting the absolute structure of an optical
isomer (see OPTICAL ACTIVITY). Two conven-
tions are in use: The D-L convention re-

lates the structure of the molecule to
some reference molecule. In the case of
sugars and similar compounds, the
dextrorotatory form of glyceraldehyde
(HOCH,CH(OH)CHO), 2,3-dihydroxy-
propanal) was used. The rule is as fol-
lows. Write the structure of this molecule
down with the asymmetric carbon in the
centre, the -CHO group at the top, the
-OH on the right, the -CH,OH at the bot-
tom, and the -H on the left. Now imagine
that the central carbon atom is at the cen-
tre of a tetrahedron with the four groups
at the corners and that the -H and -OH
come out of the paper and the -CHO and
-CH,OH groups go into the paper. The re-
sulting three-dimensional structure was
taken to be that of d-glyceraldehyde and
called p-glyceraldehyde. Any compound
that contains an asymmetric carbon atom
having this configuration belongs to the
D-series. One having the opposite configu-
ration belongs to the r-series. It is impor-
tant to note that the prefixes p- and 1- do
not stand for dextrorotatory and laevoro-
tatory (they are not the same as d- and I-).
In fact the arbitrary configuration as-
signed to D-glyceraldehyde is now known
to be the correct one for the dextrorota-
tory form, although this was not known
at the time. However, all b-compounds
are not dextrorotatory. For instance, the
acid obtained by oxidizing the -CHO
group of glyceraldehyde is glyceric acid
(1,2-dihydroxypropanoic acid). By conven-
tion, this belongs to the D-series, but it is
in fact laevorotatory; i.e. its name can be
written as D-glyceric acid or I-glyceric acid.
To avoid confusion it is better to use + (for
dextrorotatory) and - (for laevorotatory),
as in D-(+)-glyceraldehyde and D-(-)-
glyceric acid.
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R-configuration

S-configuration

R—S system: the lowest priority group is behind the chiral carbon atom

The D-L convention can also be used
with alpha amino acids (compounds with
the -NH, group on the same carbon as the
-COOH group). In this case the molecule
is imagined as being viewed along the
H-C bond between the hydrogen and the
asymmetric carbon atom. If the clockwise
order of the other three groups is -COOH,
-R, -NH,, the amino acid belongs to the D-
series; otherwise it belongs to the L-series.
This is known as the CORN rule.

The R-s convention is a convention
based on priority of groups attached to
the chiral carbon atom. The order of pri-
ority is I, Br, Cl, SO;H, OCOCH;, OCHg,
OH, NO,, NH,, COOCH3;, CONH,, COCH3,
CHO, CH,0H, C¢Hs, C,Hs, CH3, H, with hy-
drogen lowest. The molecule is viewed
with the group of lowest priority behind
the chiral atom. If the clockwise arrange-
ment of the other three groups is in de-
scending priority, the compound belongs

to the r-series; if the descending order is
anticlockwise it is in the s-series. D-(+)-
glyceraldehyde is rR-(+)-glyceraldehyde. See
illustration.

absolute expansivity See EXPANSIVITY.
absolute humidity See HUMIDITY.

absolute permittivity See PERMITTIV-
ITY.

absolute pitch (perfect pitch) The abil-
ity of a person to identify and reproduce a
note without reference to a tuned musical
instrument.

absolute temperature Sce ABSOLUTE;
TEMPERATURE.

absolute value (modulus) The square
root of the sum of the squares of the real
numbers in a *complex number, i.e. the
absolute value of the complex number
z=x+iyis [z] = V(x* + y?).



absolute zero

absolute zero Zero of thermodynamic
*temperature (0 kelvin) and the lowest
temperature theoretically attainable. It is
the temperature at which the kinetic en-
ergy of atoms and molecules is minimal.
It is equivalent to -273.15°C or -459.67°F.
See also ZERO-POINT ENERGY; CRYOGENICS.

absorbed dose See DOSE.

absorptance Symbol o. The ratio of the
radiant or luminous flux absorbed by a
body to the flux falling on it. Formerly
called absorptivity, the absorptance of a
*black body is by definition 1.

absorption 1. (in chemistry) The take
up of a gas by a solid or liquid, or the take
up of a liquid by a solid. Absorption dif-
fers from *adsorption in that the ab-
sorbed substance permeates the bulk of
the absorbing substance. 2. (in physics)
The conversion of the energy of electro-
magnetic radiation, sound, streams of par-
ticles, etc., into other forms of energy on
passing through a medium. A beam of
light, for instance, passing through a
medium, may lose intensity because of
two effects: *scattering of light out of the
beam, and absorption of photons by
atoms or molecules in the medium. When
a photon is absorbed, there is a transition
to an excited state. 3. (in biology) The
movement of fluid or a dissolved sub-
stance across a plasma membrane. In
many animals, for example, soluble food
material is absorbed into cells lining the
alimentary canal and thence into the
blood. In plants, water and mineral salts
are absorbed from the soil by the *roots.
See OSMOSIS; TRANSPORT PROTEIN.

absorption coefficient 1. (in physics)
See LAMBERT’S LAWS. 2. (in chemistry) The
volume of a given gas, measured at stan-
dard temperature and pressure, that will
dissolve in unit volume of a given liquid.

absorption indicator Sec ADSORPTION
INDICATOR.

absorption spectrum See SPECTRUM.
absorptivity Sec ABSORPTANCE.

ABS plastic Any of a class of plastics
based on acrylonitrile-butadiene-styrene
copolymers.

abundance 1. The ratio of the total

mass of a specified element in the earth’s
crust to the total mass of the earth’s crust,
often expressed as a percentage. For ex-
ample, the abundance of aluminium in
the earth’s crust is about 8%. 2. The ratio
of the number of atoms of a particular iso-
tope of an element to the total number of
atoms of all the isotopes present, often ex-
pressed as a percentage. For example, the
abundance of uranium-235 in natural ura-
nium is 0.71%. This is the natural abun-
dance, i.e. the abundance as found in
nature before any enrichment has taken
place.

abyssal zone The lower depths of the
ocean (below approximately 2000 metres),
where there is effectively no light pene-
tration. Abyssal organisms are adapted for
living under high pressures in cold dark
conditions. See also APHOTIC ZONE.

a.C. See ALTERNATING CURRENT.

acceleration Symbol a. The rate of in-
crease of speed or velocity. It is measured
in m s For a body moving linearly with
constant acceleration a from a speed u to
a speed v,

a=v-u)ft=Vv>-u?)2s

where t is the time taken and s the dis-
tance covered.

If the acceleration is not constant it is
given by dv/dt = d?s/dt®. If the motion is
not linear the vector character of displace-
ment, velocity, and acceleration must be
considered. See also ROTATIONAL MOTION.

acceleration of free fall Symbol g.
The acceleration experienced by any mas-
sive object falling freely in the earth’s
gravitational field. Experimentally this is
almost constant for all positions near the
earth’s surface, independent of the nature
of the falling body (provided air resistance
is eliminated). This is taken to indicate
the strict proportionality of *weight (the
force causing the acceleration) and *iner-
tial mass, on the basis of *Newton’s sec-
ond law of motion. There is some
variation of g with latitude, because of the
earth’s rotation and because the earth is
not completely spherical. The standard
value is taken as 9.806 65 m s™. The accel-
eration of free fall is also called the accel-
eration due to gravity.



acetals

accelerator 1. (in physics) An apparatus
for increasing the kinetic energies of
charged particles, used for research in nu-
clear and particle physics. See CYCLOTRON;
LINEAR ACCELERATOR; SYNCHROCYCLOTRON;
SYNCHROTRON. 2. (in chemistry) A sub-
stance that increases the rate of a chemi-
cal reaction, i.e. a catalyst.

acceptor 1. (in chemistry and biochem-
istry) A compound, molecule, ion, etc., to
which electrons are donated in the forma-
tion of a coordinate bond. 2. (in biochem-
istry) A *receptor that binds a hormone
without any apparent biological response.
3. (in physics) A substance that is added as
an impurity to a *semiconductor because
of its ability to accept electrons from the
valence bands, causing p-type conduction
by the mobile positive holes left. Compare
DONOR.

acceptor levels Energy levels of an ac-

ceptor atom in a *semiconductor, such as
aluminium, in silicon. These energy levels
are very near the top of the valence band,
and therefore cause p-type conduction. See
also ENERGY BAND.

acclimation The physiological changes
occurring in an organism in response to a
change in a particular environmental fac-
tor (e.g. temperature), especially under
laboratory conditions. Thermal acclima-
tion studies reveal how such properties as
metabolic rate, muscle contractility, nerve
conduction, and heart rate differ between
cold- and warm-acclimated members of
the same species. These changes occur
naturally during *acclimatization and
equip the organism for living in, say, cold
or warm conditions.

acclimatization 1. The progressive
adaptation of an organism to any change
in its natural environment that subjects it
to physiological stress. 2. The overall sum
of processes by which an organism at-
tempts to compensate for conditions that
would substantially reduce the amount of
oxygen delivered to its cells. Compare Ac-
CLIMATION.

accommodation 1. (in animal physiol-
ogy) Focusing: the process by which the
focal length of the *lens of the eye is
changed so that clear images of objects at
a range of distances are displayed on the

retina. In humans and some other mam-
mals accommodation is achieved by reflex
adjustments in the shape of the lens
brought about by relaxation and contrac-
tion of muscles within the *ciliary body.
2. (in animal behaviour) Adjustments
made by an animal’s nervous or sensory
systems in response to continuously
changing environmental conditions.

accretion The way in which collisions
with relatively slow-moving smaller ob-
jects add to the mass of a larger celestial
object. The process accelerates as the in-
creased mass strengthens the gravita-
tional field of the larger object. For
example, the planets are thought to have
formed by the accretion of dust particles
onto *planetesimals. Other accreting ob-
jects probably include black holes and
protostars.

accretion disc A disc-shaped rotating
mass formed by gravitational attraction.
See BLACK HOLE; NEUTRON STAR; WHITE
DWAREF.

accumulator (secondary cell; storage
battery) A type of *voltaic cell or battery
that can be recharged by passing a cur-
rent through it from an external d.c. sup-
ply. The charging current, which is passed
in the opposite direction to that in which
the cell supplies current, reverses the
chemical reactions in the cell. The com-
mon types are the *lead-acid accumulator
and the *nickel-iron and nickel-cadmium
accumulators. See also SODIUM-SULPHUR
CELL.

acellular Describing tissues or organ-
isms that are not made up of separate
cells but often have more than one nu-
cleus (see sYNCYTIUM). Examples of acellu-
lar structures are muscle fibres. Compare
UNICELLULAR.

acentric Describing an aberrant chro-
mosome fragment that lacks a cen-
tromere. Such fragments are normally
lost because they are unable to orientate
properly during cell division.

acetaldehyde See ETHANAL.
acetaldol See ALDOL REACTION.

acetals Organic compounds formed by
addition of alcohol molecules to aldehyde
molecules. If one molecule of aldehyde



acetamide

(RCHO) reacts with one molecule of alco-
hol (R'OH) a hemiacetal is formed
(RCH(OH)OR'). The rings of aldose sugars
are hemiacetals. Further reaction with a
second alcohol molecule produces a full
acetal (RCH(OR'),). It is common to refer
to both types of compounds simply as
‘acetals’. The formation of acetals is re-
versible; acetals can be hydrolysed back to
aldehydes in acidic solutions. In synthetic
organic chemistry aldehyde groups are
often converted into acetal groups to pro-
tect them before performing other reac-
tions on different groups in the molecule.
See also KETALS.

R~ . OR’

C
H7 NoH
hemiacetal

o
R—CZ  + ROH —

aldehyde alcohol

R'OH Raes%%n0
'OH —» +
* HZ Nor 2

R ., OR’
H” NoH

Formation of acetals

acetamide Sce ETHANAMIDE.

acetanilide A white crystalline primary
amide of ethanoic acid, CH;CONHC¢Hs;
r.d. 1.2; m.p. 114.3°C; b.p. 304°C. It is
made by reacting phenylamine (aniline)
with excess ethanoic acid or ethanoic an-
hydride and is used in the manufacture of
dyestuffs and rubber. The full systematic
name is N-phenylethanamide.

acetate See ETHANOATE.
acetate process Sce RAYON.
acetic acid See ETHANOIC ACID.

acetoacetic acid See 3-0X0BUTANOIC
ACID.

acetoacetic ester See ETHYL 3-0XO-
BUTANOATE.

acetone Sec PROPANONE; KETONE BODY.
acetylation See ACYLATION.

acetyl chloride See ETHANOYL
CHLORIDE.

acetylcholine (ACh) One of the main
*neurotransmitters of the vertebrate
nervous system. It is released at some
(cholinergic) nerve endings and may be
excitatory or inhibitory; it initiates mus-

cular contraction at *neuromuscular junc-
tions. Once acetylcholine has been re-
leased it has only a transitory effect
because it is rapidly broken down by the
enzyme *cholinesterase.

acetylcholinesterase Sce
CHOLINESTERASE.

acetyl coenzyme A (acetyl CoA) A
compound formed in the mitochondria
when an acetyl group (CH;CO-), derived
from the breakdown of fats, proteins, or
carbohydrates (via *glycolysis), combines
with the thiol group (-SH) of *coenzyme
A. Acetyl CoA feeds into the energy gener-
ating *Krebs cycle and also plays a role in
the synthesis and oxidation of fatty acids.

acetylene See ETHYNE.
acetylenes See ALKYNES.

acetyl group See ETHANOYL GROUP.
acetylide See CARBIDE.

achene A dry indehiscent fruit formed
from a single carpel and containing a sin-
gle seed. An example is the feathery
achene of clematis. Variants of the
achene include the *caryopsis, *cypsela,
*nut, and *samara. See also ETAERIO.

Acheson process An industrial process
for the manufacture of graphite by heat-
ing coke mixed with clay. The reaction in-
volves the production of silicon carbide,
which loses silicon at 4150°C to leave
graphite. The process was patented in
1896 by the US inventor Edward Goodrich
Acheson (1856-1931).

achondrite A stony meteorite that has
no spherical silicate particles (chondrules)
found in the meteorites called chondrites.
Achondrites do not contain iron or nickel
and have a coarser crystal structure than
chondrites.

achromatic lens A lens that corrects
for chromatic *aberration by using a com-
bination of two lenses, made of different
kinds of glass, such that their *dispersions
neutralize each other although their *re-
fractions do not. The aberration can be re-
duced further by using an apochromatic
lens, which consists of three or more dif-
ferent kinds of glass.

acid 1. A type of compound that con-



acid anhydrides

tains hydrogen and dissociates in water to
produce positive hydrogen ions. The reac-
tion, for an acid HX, is commonly written:

HX<=H"+X"

In fact, the hydrogen ion (the proton) is
solvated, and the complete reaction is:

HX + H,0 = H,0" + X

The ion H;0" is the oxonium ion (or hy-
droxonium ion or hydronium ion). This
definition of acids comes from the Arrhe-
nius theory. Such acids tend to be corro-
sive substances with a sharp taste, which
turn litmus red and give colour changes
with other *indicators. They are referred
to as protonic acids and are classified into
strong acids, which are almost completely
dissociated in water (e.g. sulphuric acid
and hydrochloric acid), and weak acids,
which are only partially dissociated (e.g.
ethanoic acid and hydrogen sulphide). The
strength of an acid depends on the extent
to which it dissociates, and is measured
by its *dissociation constant. See also BASE.
2. In the Lowry-Brensted theory of acids
and bases (1923), the definition was ex-
tended to one in which an acid is a proton
donor, and a base is a proton acceptor. For
example, in

HCN + H,0 = H;0" + CN~

the HCN is an acid, in that it donates a
proton to H,0. The H,0 is acting as a base
in accepting a proton. Similarly, in the re-
verse reaction H;O" is an acid and CN™ a
base. In such reactions, two species re-
lated by loss or gain of a proton are said to
be conjugate. Thus, in the reaction above
HCN is the conjugate acid of the base CN-,
and CN- is the conjugate base of the acid
HCN. Similarly, H;O" is the conjugate acid
of the base H,0. An equilibrium, such as
that above, is a competition for protons
between an acid and its conjugate base. A
strong acid has a weak conjugate base,
and vice versa. Under this definition water
can act as both acid and base. Thus in

NH, + H,0 == NH,* + OH"

the H,0 is the conjugate acid of OH™. The
definition also extends the idea of acid-
base reaction to solvents other than
water. For instance, liquid ammonia, like
water, has a high dielectric constant and

is a good ionizing solvent. Equilibria of
the type
NH; + Na*Cl” = Na*NH," + HCl

can be studied, in which NH; and HCl are
acids and NH,™ and CI™ are their conjugate
bases.

3. A further extension of the idea of acids
and bases was made in the Lewis theory
(G. N. Lewis, 1923). In this, a Lewis acid is
a compound or atom that can accept a
pair of electrons and a Lewis base is one
that can donate an electron pair. This
definition encompasses ‘traditional’ acid-
base reactions. In

HCl + NaOH — NaCl + H,0
the reaction is essentially
H"+:0H — H:OH
i.e. donation of an electron pair by OH™.

But it also includes reactions that do not
involve ions, e.g.

H,N: + BCl; — H,;NBCl,

in which NHj; is the base (donor) and BCl,
the acid (acceptor). The Lewis theory es-
tablishes a relationship between acid-base
reactions and *oxidation-reduction reac-
tions. See also AQUA ACID; HYDROXOACID;
OXOACID.

acid anhydrides (acyl anhydrides) Com-
pounds that react with water to form an
acid. For example, carbon dioxide reacts
with water to give carbonic acid:

COx(g) + H,0(aq) == H,CO5(aq)

A particular group of acid anhydrides are
anhydrides of carboxylic acids. They have
a general formula of the type
R.CO.0.CO.R’, where R and R’ are alkyl or
aryl groups. For example, the compound
ethanoic anhydride (CH;.CO.0.CO.CHa) is
the acid anhydride of ethanoic (acetic)
acid. Organic acid anhydrides can be pro-
duced by dehydrating acids (or mixtures
of acids). They are usually made by react-

R\
L= R
HO _H.0 c=0
HO 2 o(
N —_— AN
,C=0 A=
R’ R’

carboxylic acids acid anhydride

Formation of a carboxylic acid anhydride
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ing an acyl halide with the sodium salt of
the acid. They react readily with water, al-
cohols, phenols, and amines and are used
in *acylation reactions.

acid-base balance The regulation of
the concentrations of acids and bases in
blood and other body fluids so that the pH
remains within a physiologically accept-
able range. This is achieved by the pres-
ence of natural *buffer systems, such as
the haemoglobin, hydrogencarbonate
ions, and carbonic acid in mammalian
blood. By acting in conjunction, these ef-
fectively mop up excess acids and bases
and therefore prevent any large shifts in
blood pH. The acid-base balance is also
influenced by the selective removal of cer-
tain ions by the kidneys and the rate of re-
moval of carbon dioxide from the lungs.

acid-base indicator See INDICATOR.

acid dissociation constant See pisso-
CIATION.

acid dye See DYES.
acid halides See ACYL HALIDES.

acidic 1. Describing a compound that is
an acid. 2. Describing a solution that has
an excess of hydrogen ions. 3. Describing
a compound that forms an acid when dis-
solved in water. Carbon dioxide, for exam-
ple, is an acidic oxide.

acidic hydrogen (acid hydrogen) A hy-
drogen atom in an *acid that forms a posi-
tive ion when the acid dissociates. For
instance, in methanoic acid

HCOOH == H* + HCOO~

the hydrogen atom on the carboxylate
group is the acidic hydrogen (the one
bound directly to the carbon atom does
not dissociate).

acidic stains See STAINING.

acidimetry Volumetric analysis using
standard solutions of acids to determine
the amount of base present.

acidity constant See DISSOCIATION.

acid rain Precipitation having a pH
value of less than about 5.0, which has ad-
verse effects on the fauna and flora on
which it falls. Rainwater typically has a
pH value of 5.6, due to the presence of dis-
solved carbon dioxide (forming carbonic

acid). Acid rain results from the emission
into the atmosphere of various pollutant
gases, in particular sulphur dioxide and
various oxides of nitrogen, which origi-
nate from the burning of fossil fuels and
from car exhaust fumes, respectively.
These gases dissolve in atmospheric water
to form sulphuric and nitric acids in rain,
snow, or hail (wet deposition). Alterna-
tively, the pollutants are deposited as
gases or minute particles (dry deposition).
Both types of acid deposition affect plant
growth - by damaging the leaves and im-
pairing photosynthesis and by increasing
the acidity of the soil, which results in the
leaching of essential nutrients. This acid
pollution of the soil also leads to acidifica-
tion of water draining from the soil into
lakes and rivers, which become unable to
support fish life. Lichens are particularly
sensitive to changes in pH and can be
used as indicators of acid pollution (see IN-
DICATOR SPECIES).

acid rock A low-density igneous rock
containing a preponderance (more than
65%) of light-coloured *silicate minerals.
Examples include granite and rhyolite.

acid salt A salt of a polybasic acid (i.e.
an acid having two or more acidic hydro-
gens) in which not all the hydrogen atoms
have been replaced by positive ions. For
example, the dibasic acid carbonic acid
(H,CO;) forms acid salts (hydrogencarbon-
ates) containing the ion HCO;™. Some salts
of monobasic acids are also known as acid
salts. For instance, the compound potas-
sium hydrogendifluoride, KHF,, contains
the ion [F..H-F|", in which there is hydro-
gen bonding between the fluoride ion F-
and a hydrogen fluoride molecule.

acid value A measure of the amount of
free acid present in a fat, equal to the
number of milligrams of potassium hy-
droxide needed to neutralize this acid.
Fresh fats contain glycerides of fatty acids
and very little free acid, but the glycerides
decompose slowly with time and the acid
value increases.

acinus The smallest unit of a multilobu-
lar gland, such as the pancreas. Each aci-
nus in the pancreas is made up of a
hollow cluster of acinar cells, which pro-
duce the digestive enzymes secreted in
pancreatic juice. Minute ducts from the
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pancreatic acini eventually drain into the
pancreatic duct.

acoustics 1. The study of sound and
sound waves. 2. The characteristics of a
building, especially an auditorium, with
regard to its ability to enable speech and
music to be heard clearly within it. For
this purpose there should be no obtrusive
echoes or resonances and the reverbera-
tion time should be near the optimum for
the hall. Echoes are reduced by avoiding
sweeping curved surfaces that could focus
the sound and by breaking up large plane
surfaces or covering them with sound-
absorbing materials. Resonance is avoided
by avoiding simple ratios for the main di-
mensions of the room, so that no one
wavelength of sound is a factor of more
than one of them. If the reverberation
time is too long, speech will sound indis-
tinct and music will be badly articulated,
with one note persisting during the next.
However, if it is too short, music sounds
dead. It is long in a bare room with hard
walls, and can be deliberately reduced by
carpets, soft furnishings and sound-
absorbent (‘acoustic’) felt. Reverberation
times tend to be reduced by the presence
of an audience and this must be taken
into account in the design of the building.

acoustoelectronic devices (electro-
acoustic devices) Devices in which elec-
tronic signals are converted into acoustic
waves. Acoustoelectronic devices are used
in constructing *delay lines and also in
converting digital data from computers
for transmission by telephone lines.

acquired characteristics Features that
are developed during the lifetime of an in-
dividual, e.g. the enlarged arm muscles of
a tennis player. Such characteristics are
not genetically controlled and cannot be
passed on to the next generation. See also
LAMARCKISM; NEO-LAMARCKISM.

acquired immune deficiency syn-
drome See AIDS.

Acrilan A trade name for a synthetic
fibre. See ACRYLIC RESINS.

acrolein See PROPENAL.

acromegaly A chronic condition devel-
oping in adulthood due to overproduction
of (or oversensitivity to) *growth hor-

mone, usually caused by a tumour in the
pituitary gland. This leads to a gradual en-
largement of the bones, causing charac-
teristic coarsening of the facial features
and large hands and feet.

acrosome Se¢ SPERMATOZOON.

acrylamide An inert gel (polyacry-
lamide) employed as a medium in *elec-
trophoresis. It is used particularly in the
separation of macromolecules, such as nu-
cleic acids and proteins.

acrylate See PROPENOATE.
acrylic acid See PROPENOIC ACID.

acrylic resins Synthetic resins made by
polymerizing esters or other derivatives of
acrylic acid (propenoic acid). Examples are
poly(propenonitrile) (e.g. Acrilan), and
poly(methyl 2-methylpropenoate) (poly-
methylmethacrylate, e.g. Perspex).

acrylonitrile See PROPENONITRILE.

ACTH (adrenocorticotrophic hormone;
corticotrophin) A hormone, produced by
the anterior *pituitary gland, that con-
trols secretion of certain hormones (the
*corticosteroids) by the adrenal glands. Its
secretion, which is controlled by cortico-
trophin-releasing hormone and occurs in
short bursts every few hours, is increased
by stress.

actin A contractile protein found in mus-
cle tissue, in which it occurs in the form
of filaments (called thin filaments). Each
thin filament consists of two chains of
globular actin molecules, around which is
twisted a strand of *tropomyosin and
interspersed *troponin. Units of muscle
fibre (see SARCOMERE) consist of actin and
*myosin filaments, which interact to
bring about muscle contraction. Actin is
also found in the microfilaments that
form part of the *cytoskeleton of all cells.

actinic radiation Electromagnetic radi-
ation that is capable of initiating a chemi-
cal reaction. The term is used especially of
ultraviolet radiation and also to denote ra-
diation that will affect a photographic
emulsion.

actinides See ACTINOIDS.

actinium Symbol Ac. A silvery radio-
active metallic element belonging to
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group 3 (formerly IIIA) of the periodic
table; a.n. 89; mass number of most stable
isotope 227 (half-life 21.7 years); m.p. 1050
+50°C; b.p. 3200°C (estimated). Acti-
nium-227 occurs in natural uranium to
an extent of about 0.715%. Actinium-228
(half-life 6.13 hours) also occurs in nature.
There are 22 other artificial isotopes, all
radioactive and all with very short half-
lives. Its chemistry is similar to that of
lanthanum. Its main use is as a source of
alpha particles. The element was discov-
ered by A. Debierne in 1899.

actinium series See RADIOACTIVE
SERIES.

Actinobacteria (Actinomycetes; Actino-
mycota) A phylum of Gram-positive
mostly anaerobic nonmotile bacteria.
Many species are fungus-like, with fila-
mentous cells producing reproductive
spores on aerial branches similar to the
spores of certain moulds. The phylum in-
cludes bacteria of the genera Actinomyces,
some species of which cause disease in
animals (including humans); and
Streptomyces, which are a source of many
important antibiotics (including strepto-
mycin).

actinoid contraction A smooth de-
crease in atomic or ionic radius with in-
creasing proton number found in the
*actinoids.

actinoids (actinides) A series of el-
ements in the *periodic table, generally
considered to range in atomic number
from thorium (90) to lawrencium (103) in-
clusive. The actinoids all have two outer
s-electrons (a 7s* configuration), follow ac-
tinium, and are classified together by the
fact that increasing proton number corre-
sponds to filling of the 5flevel. In fact, be-
cause the 5fand 6d levels are close in
energy the filling of the 5f orbitals is not
smooth. The outer electron configurations
are as follows:

89 actinium (Ac) 6d'7s%

90 thorium (Th) 6d27s*

91 protactinium (Pa) 5/26d'7s*

92 uranium (Ur) 5°6d7s*

93 neptunium (Np) 5f°7s% (or 5f*6d'7s?)

94 plutonium (Pu) 5/°7s?

95 americium (Am) 5f77s*

96 curium (Cm) 5f’6d's?

97 berkelium (Bk) 5/%6d7s? (or 5/°7s%)

98 californium (Cf) 5f°7s?

99 einsteinium (Es) 5f!!7s?
100 fermium (Fm) 5127s*

101 mendelevium (Md) 5f*37s?
102 nobelium (Nb) 575>

103 lawrencium (Lw) 5f*6d's*

The first four members (Ac to Ur) occur
naturally. All are radioactive and this
makes investigation difficult because of
self-heating, short lifetimes, safety precau-
tions, etc. Like the *lanthanoids, the acti-
noids show a smooth decrease in atomic
and ionic radius with increasing proton
number. The lighter members of the se-
ries (up to americium) have f-electrons
that can participate in bonding, unlike
the lanthanoids. Consequently, these el-
ements resemble the transition metals in
forming coordination complexes and dis-
playing variable valency. As a result of in-
creased nuclear charge, the heavier
members (curium to lawrencium) tend
not to use their inner felectrons in form-
ing bonds and resemble the lanthanoids
in forming compounds containing the M**
ion. The reason for this is pulling of these
inner electrons towards the centre of the
atom by the increased nuclear charge.
Note that actinium itself does not have a
5f electron, but it is usually classified with
the actinoids because of its chemical simi-
larities. See also TRANSITION ELEMENTS.

actinometer Any of various instru-
ments for measuring the intensity of elec-
tromagnetic radiation. Recent
actinometers use the *photoelectric effect
but earlier instruments depended either
on the fluorescence produced by the radi-
ation on a screen or on the amount of
chemical change induced in some suitable
substance.

actinomorphy See RADIAL SYMMETRY.
Actinomycetes See ACTINOBACTERIA.

action at a distance The direct inter-
action between bodies that are not in
physical contact with each other. The con-
cept involves the assumption that the
interactions are instantaneous. This as-
sumption is not consistent with the spe-
cial theory of *relativity, which states that
nothing (including interactions) can travel
through space faster than the *speed of
light in a vacuum. For this reason it is
more logical to describe interactions be-
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tween bodies by *quantum field theories
or by the exchange of virtual particles (see
VIRTUAL STATE) rather than theories based
on action at a distance.

action potential The change in electri-
cal potential that occurs across a plasma
membrane during the passage of a nerve
*impulse. As an impulse travels in a wave-
like manner along the *axon of a nerve, it
causes a localized and transient switch in
electric potential across the membrane
from -60 mV (millivolts; the *resting po-
tential) to +45 mV. The change in electric
potential is caused by an influx of sodium
ions. Nervous stimulation of a muscle
fibre has a similar effect.

action spectrum A graphical plot of
the efficiency of electromagnetic radiation
in producing a photochemical reaction
against the wavelength of the radiation
used. For example, the action spectrum
for photosynthesis using light shows a
peak in the region 670-700 nm. This cor-
responds to a maximum absorption in the
absorption *spectrum of chlorophylls in
this region.

activated adsorption Adsorption that
involves an activation energy. This occurs
in certain cases of chemisorption.

activated alumina See ALUMINTUM HY-
DROXIDE.

activated charcoal See CHARCOAL.

activated complex The association of
atoms of highest energy formed in the
*transition state of a chemical reaction.

activation analysis An analytical tech-
nique that can be used to detect most el-
ements when present in a sample in
milligram quantities (or less). In neutron
activation analysis the sample is exposed
to a flux of thermal neutrons in a nuclear
reactor. Some of these neutrons are cap-
tured by nuclides in the sample to form
nuclides of the same atomic number but a
higher mass number. These newly formed
nuclides emit gamma radiation, which
can be used to identify the element pres-
ent by means of a gamma-ray spectrom-
eter. Activation analysis has also been
employed using high-energy charged par-
ticles, such as protons or alpha particles.

activation energy Symbol E,. The min-

imum energy required for a chemical re-
action to take place. In a reaction, the re-
actant molecules come together and
chemical bonds are stretched, broken,
and formed in producing the products.
During this process the energy of the sys-
tem increases to a maximum, then de-
creases to the energy of the products (see
illustration). The activation energy is the
difference between the maximum energy
and the energy of the reactants; i.e. it is
the energy barrier that has to be over-
come for the reaction to proceed. The acti-
vation energy determines the way in
which the rate of the reaction varies with
temperature (see ARRHENIUS EQUATION). It
is usual to express activation energies in
joules per mole of reactants.

products

reactants

Reaction profile (for an endothermic reaction)

activator 1. A type of *transcription fac-
tor that enhances the transcription of a
gene by binding to a region of DNA called
an enhancer. Compare REPRESSOR. 2. A
substance that - by binding to an al-
losteric site on an enzyme (see INHIBITION)
- enables the active site of the enzyme to
bind to the substrate. 3. Any compound
that potentiates the activity of a drug or
other foreign substance in the body.

active device 1. An electronic compo-
nent, such as a transistor, that is capable
of amplification. 2. An artificial *satellite
that receives information and retransmits
it after amplification. 3. A radar device
that emits microwave radiation and pro-
vides information about a distant body by
receiving a reflection of this radiation.
Compare PASSIVE DEVICE.

active immunity *Immunity acquired
due to the body’s response to a foreign
antigen.

active mass See MASS ACTION.

active site (active centre) 1. A site on
the surface of a catalyst at which activity
occurs. 2. The site on the surface of an
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*enzyme molecule that binds and acts on
the substrate molecule. The properties of
an active site are determined by the three-
dimensional arrangement of the polypep-
tide chains of the enzyme and their
constituent amino acids. These govern the
nature of the interaction that takes place
and hence the degree of substrate specific-
ity and susceptibility to *inhibition.

active transport The movement of
substances through membranes in living
cells, often against a *concentration gradi-
ent: a process requiring metabolic energy.
Organic molecules and inorganic ions are
transported into and out of both cells and
their organelles. The substance binds to a
*transport protein embedded in the mem-
brane, which carries it through the mem-
brane and releases it on the opposite side.
Active transport serves chiefly to maintain
the normal balance of ions in cells, espe-
cially the concentration gradients of
sodium and potassium ions crucial to the
activity of nerve and muscle cells. Compare
FACILITATED DIFFUSION.

activity 1. Symbol a. A thermodynamic
function used in place of concentration in
equilibrium constants for reactions in-
volving nonideal gases and solutions. For
example, in a reaction

A<==B+C
the true equilibrium constant is given by
K=agacfas

where a,, ag, and a¢ are the activities of
the components, which function as con-
centrations (or pressures) corrected for
nonideal behaviour. Activity coefficients
(symbol v) are defined for gases by y=afp
(where p is pressure) and for solutions by
y=aX (where X is the mole fraction).
Thus, the equilibrium constant of a gas re-
action has the form

K, = YpeYchc/YaPa

The equilibrium constant of a reaction in
solution is

K. = 1Xp¥cXcVaXa
The activity coefficients thus act as correc-
tion factors for the pressures or concen-
trations. See also FUGACITY.

2. Symbol A. The number of atoms of a
radioactive substance that disintegrate per

unit time. The specific activity (a) is the ac-
tivity per unit mass of a pure radioisotope.
See RADIATION UNITS.

activity series See ELECTROMOTIVE
SERIES.

acyclic Describing a compound that
does not have a ring in its molecules.

acyclovir (acycloguanosine) A drug used
to treat cold sores, shingles, genital blis-
ters, or other lesions caused by herpes-
virus infection. It is an analogue of the
base guanine and acts by interfering with
DNA replication of the virus.

acyl anhydrides See ACID ANHYDRIDES.

acylation The process of introducing an
acyl group (RCO-) into a compound. The
usual method is to react an alcohol with
an acyl halide or a carboxylic acid anhy-
dride; e.g.

RCOCI1 + R'OH — RCOOR’ + HC1

The introduction of an acetyl group
(CH5CO-) is acetylation, a process used for
protecting -OH groups in organic synthe-
sis.

acyl fission The breaking of the car-
bon-oxygen bond in an acyl group. It oc-
curs in the hydrolysis of an *ester to
produce an alcohol and a carboxylic acid.

acylglycerol See GLYCERIDE.

acyl group A group of the type RCO-,
where R is an organic group. An example
is the acetyl group CH;CO-.

acyl halides (acid halides) Organic com-
pounds containing the group -CO.X,
where X is a halogen atom (see formula).
Acyl chlorides, for instance, have the gen-
eral formula RCOCI. The group RCO- is
the acyl group. In systematic chemical
nomenclature acyl-halide names end in
the suffix -oyl; for example, ethanoyl chlo-
ride, CH;COCI. Acyl halides react readily
with water, alcohols, phenols, and amines
and are used in *acylation reactions. They
are made by replacing the -OH group in a
carboxylic acid by a halogen using a halo-
genating agent such as PCls.

R\
X/C_O

Acyl halide: X is a halogen atom
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adenosine triphosphate

Ada A high-level computer program-
ming language developed in the late
1970s for the US military. It was originally
employed in missile control systems and
is now used in various other real-time ap-
plications. Ada was named after Augusta
Ada Lovelace (1815-52), the mathemati-
cian daughter of Lord Byron, who worked
with Charles *Babbage on his mechanical
computer, the ‘analytical engine’.

Adams, John Couch (1819-92) British
astronomer who became professor of as-
tronomy and geometry at Cambridge Uni-
versity in 1858. He is best known for his
prediction (1845) of the existence and po-
sition of the planet *Neptune, worked out
independently the following year by Ur-
bain Leverrier (1811-77). The planet was
discovered in 1846 by Johann Galle
(1812-1910), using Leverrier’s figures.
Adams’s priority was not acknowledged.

adaptation 1. (in evolution) Any change
in the structure or functioning of an or-
ganism that makes it better suited to its
environment. *Natural selection of inheri-
table adaptations ultimately leads to the
development of new species. Increasing
adaptation of a species to a particular en-
vironment tends to diminish its ability to
adapt to any sudden change in that envi-
ronment. 2. (in physiology) The alteration
in the degree of sensitivity (either an in-
crease or a decrease) of a sense organ to
suit conditions more extreme than nor-
mally encountered. An example is the ad-
justment of the eye to vision in very
bright or very dim light.

adaptive radiation (divergent evolu-
tion) The evolution from one species of
animals or plants of a number of different
forms. As the original population in-
creases in size it spreads out from its cen-
tre of origin to exploit new habitats and
food sources. In time this results in a
number of populations each adapted to its
particular habitat: eventually these popu-
lations will differ from each other suffi-
ciently to become new species. A good
example of this process is the evolution of
the Australian marsupials into species
adapted as carnivores, herbivores, burrow-
ers, fliers, etc. On a smaller scale, the
adaptive radiation of the Galapagos
finches provided Darwin with crucial evi-

dence for his theory of evolution (see DAR-
WIN’S FINCHES).

addition polymerization Sec POLYMER-
IZATION.

addition reaction A chemical reaction
in which one molecule adds to another.
Addition reactions occur with unsaturated
compounds containing double or triple
bonds, and may be *electrophilic or *nu-
cleophilic. An example of electrophilic ad-
dition is the reaction of hydrogen chloride
with an alkene, e.g.

HCl + CH,:CH, — CH,CH,Cl

An example of nucleophilic addition is
the addition of hydrogen cyanide across
the carbonyl bond in aldehydes to form
*cyanohydrins. Addition-elimination reac-
tions are ones in which the addition is fol-
lowed by elimination of another molecule
(see CONDENSATION REACTION).

additive A substance added to another
substance or material to improve its prop-
erties in some way. Additives are often
present in small amounts and are used for
a variety of purposes, as in preventing cor-
rosion, stabilizing polymers, etc. Food ad-
ditives are used to enhance the taste and
colour of foods and improve their texture
and keeping qualities. See FOOD PRESERVA-
TION.

additive process See COLOUR.

adduct A compound formed by an
addition reaction. The term is used partic-
ularly for compounds formed by coordina-
tion between a Lewis acid (acceptor) and a
Lewis base (donor). See ACID.

adenine A *purine derivative. It is one
of the major component bases of *nu-
cleotides and the nucleic acids *DNA and
*RNA.

adenosine A nucleoside comprising one
adenine molecule linked to a D-ribose
sugar molecule. The phosphate-ester
derivatives of adenosine, AMP, ADP, and
*ATP, are of fundamental biological im-
portance as carriers of chemical energy.

adenosine diphosphate (ADP) Sec ATP.

adenosine monophosphate (AMP)
See ATP.

adenosine triphosphate Sce aTp.
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adenovirus One of a group of DNA-
containing viruses found in rodents, fowl,
cattle, monkeys, and humans. In humans
they produce acute respiratory-tract infec-
tions with symptoms resembling those of
the common cold. They are also impli-
cated in the formation of tumours (see
ONCOGENIC).

adenylate cyclase The enzyme that
catalyses the formation of *cyclic AMP. It
is bound to the inner surface of the
plasma membrane. Many hormones and
other chemical messengers exert their
physiological effects by increased synthe-
sis of cyclic AMP through the activation of
adenylate cyclase. The hormone binds to a
receptor on the outer surface of the
plasma membrane, which then activates
adenylate cyclase on the inner surface via
*G protein.

ADH See ANTIDIURETIC HORMONE.

adhesive A substance used for joining
surfaces together. Adhesives are generally
colloidal solutions, which set to gels.
There are many types including animal
glues (based on collagen), vegetable mu-
cilages, and synthetic resins (e.g. *epoxy
resins).

adiabatic approximation An approxi-
mation used in *quantum mechanics
when the time dependence of parameters
such as the inter-nuclear distance be-
tween atoms in a molecule is slowly vary-
ing. This approximation means that the
solution of the *Schrédinger equation at
one time goes continuously over to the so-
lution at a later time. This approximation
was formulated by Max Born and the So-
viet physicist Vladimir Alexandrovich
Fock (1898-1974) in 1928. The *Born-
Oppenheimer approximation is an exam-
ple of the adiabatic approximation.

adiabatic demagnetization A tech-
nique for cooling a paramagnetic salt,
such as potassium chrome alum, to a tem-
perature near *absolute zero. The salt is
placed between the poles of an electro-
magnet and the heat produced during
magnetization is removed by liquid he-
lium. The salt is then isolated thermally
from the surroundings and the field is
switched off; the salt is demagnetized adi-
abatically and its temperature falls. This is

because the demagnetized state, being
less ordered, involves more energy than
the magnetized state. The extra energy
can come only from the internal, or ther-
mal, energy of the substance. It is possible
to obtain temperatures as low as 0.005 K
in this way.

adiabatic process Any process that oc-
curs without heat entering or leaving a
system. In general, an adiabatic change in-
volves a fall or rise in temperature of the
system. For example, if a gas expands
under adiabatic conditions, its tempera-
ture falls (work is done against the re-
treating walls of the container). The
adiabatic equation describes the relation-
ship between the pressure (p) of an ideal
gas and its volume (V), i.e. pV* =K, where y
is the ratio of the principal specific *heat
capacities of the gas and K is a constant.

adipic acid See HEXANEDIOIC ACID.

adipose tissue A body tissue compris-
ing cells containing *fat and oil. It is
found chiefly below the skin (see SUBCUTA-
NEOUS TISSUE) and around major organs
(such as the kidneys and heart), acting as
an energy reserve, providing insulation
and protection, and generating heat. See
BROWN FAT; THERMOGENESIS.

admittance Symbol Y. The reciprocal of
*impedance. It is measured in siemens.

adolescence The period in human de-
velopment that occurs during the teenage
years, between the end of childhood and
the start of adulthood, and is character-
ized by various physical and emotional
changes associated with development of
the reproductive system. It starts at pu-
berty, when the reproductive organs
begin to function, and is marked by the
start of menstruation (see MENSTRUAL
cycLg) in females and the appearance of
the *secondary sexual characteristics in
both sexes. In males the secondary sexual
characteristics are controlled by the hor-
mone testosterone and include deepening
of the voice due to larynx enlargement,
the appearance of facial and pubic hair,
rapid growth of the skeleton and muscle,
and an increase in *sebaceous gland secre-
tions. In females the secondary sexual
characteristics are controlled by oestro-
gens and include growth of the breasts,
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adsorbent

broadening of the pelvis, redistribution of
fat in the body, and appearance of pubic
hair.

ADP See ATP.

adrenal cortex The outer layer of the
*adrenal gland, in which several steroid
hormones, the *corticosteroids, are pro-
duced.

adrenal glands A pair of endocrine
glands situated immediately above the
kidneys (hence they are also known as the
suprarenal glands). The inner portion of
the adrenals, the medulla, secretes the
hormones *adrenaline and *noradrena-
line; the outer cortex secretes small
amounts of sex hormones (*androgens
and *oestrogens) and various *cortico-
steroids, which have a wide range of
effects on the body. See also ACTH.

adrenaline (epinephrine) A hormone,
produced by the medulla of the *adrenal
glands, that increases heart activity, im-
proves the power and prolongs the action
of muscles, and increases the rate and
depth of breathing to prepare the body
for “fright, flight, or fight’. At the same
time it inhibits digestion and excretion.
Similar effects are produced by stimula-
tion of the *sympathetic nervous system.
Adrenaline can be administered by injec-
tion to relieve bronchial asthma and re-
duce blood loss during surgery by
constricting blood vessels.

adrenal medulla The inner part of the
*adrenal gland, in which *adrenaline is
produced.

adrenergic 1. Describing a cell (espe-
cially a neuron) or a cell receptor that is
stimulated by *adrenaline, *nora-
drenaline, or related substances. See
ADRENOCEPTOR. 2. Describing a nerve
fibre or neuron that releases adrenaline or
noradrenaline when stimulated. Compare
CHOLINERGIC.

adrenoceptor (adrenoreceptor; adrener-
gic receptor) Any cell receptor that binds
and is activated by the catecholamines
adrenaline or noradrenaline. Adrenocep-
tors are therefore crucial in mediating the
effects of catecholamines as neurotrans-
mitters or hormones. There are two prin-
cipal types of adrenoceptor, alpha (o) and

beta (B). The alpha adrenoceptors fall into
two main subtypes: o,-adrenoceptors,
which mediate the contraction of smooth
muscle and hence cause constriction of
blood vessels; and a,-adrenoceptors,
which occur, for example, in presynaptic
neurons at certain nerve synapses, where
they inhibit release of noradrenaline from
the neuron. The beta adrenoceptors also
have two main subtypes: B;-adreno-
ceptors, which stimulate cardiac muscle
causing a faster and stronger heartbeat;
and B,-adrenoceptors, which mediate re-
laxation of smooth muscle in blood ves-
sels, bronchi, the uterus, bladder, and
other organs. Activation of B,-adrenocep-
tors thus causes widening of the airways
(bronchodilation) and blood vessels (va-
sodilation). See also BETA BLOCKER.

adrenocorticotrophic hormone See
ACTH.

Adrian, Edgar Douglas, Baron
(1889-1977) British neurophysiologist,
who became a professor at Cambridge in
1937, where he remained until his retire-
ment. He is best known for his work on
nerve impulses, establishing that mes-
sages are conveyed by changes in the fre-
quency of the impulses. He shared the
1932 Nobel Prize for physiology or
medicine with Sir Charles *Sherrington
for this work.

ADSL (asymmetric digital subscriber line)
A mechanism by which *broadband com-
munication via the Internet can be made
available via pre-existing telephone lines,
while allowing simultaneous use of the
line for normal telephone calls. Data com-
munication via ADSL is asymmetric in
that upstream (transmitting) communica-
tion is slower than downstream (receiv-
ing) communication, typically half as fast.
Commonly available downstream data
rates in the UK are 512 Kbps, 1 Mbps, and
2 Mbps. Faster rates are available in other
countries. ADSL coexists with standard
telephone operation on the same line by
the use of band separation filters at each
telephone socket.

adsorbate A substance that is adsorbed
on a surface.

adsorbent A substance on the surface
of which a substance is adsorbed.
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adsorption The formation of a layer of
gas, liquid, or solid on the surface of a
solid or, less frequently, of a liquid. There
are two types depending on the nature of
the forces involved. In chemisorption a
single layer of molecules, atoms, or ions is
attached to the adsorbent surface by
chemical bonds. In physisorption ad-
sorbed molecules are held by the weaker
*van der Waals’ forces. Adsorption is an
important feature of surface reactions,
such as corrosion, and heterogeneous
catalysis. The property is also utilized in
adsorption *chromatography.

adsorption indicator (absorption indi-
cator) A type of indicator used in reac-
tions that involve precipitation. The
yellow dye fluorescein is a common exam-
ple, used for the reaction

NaCl(aq) + AgNO3(aq) — AgCl(s) +
NaNOs;(aq)

As silver nitrate solution is added to the
sodium chloride, silver chloride precipi-
tates. As long as Cl” ions are in excess,
they adsorb on the precipitate particles.
At the end point, no CI” ions are left in so-
lution and negative fluorescein ions are
then adsorbed, giving a pink colour to the
precipitate.

adsorption isotherm An equation that
describes how the amount of a substance
adsorbed onto a surface depends on its
pressure (if a gas) or its concentration (if
in a solution), at a constant temperature.
Several theoretical adsorption isotherms
are used in surface chemistry with differ-
ent assumptions about the surface and
the adsorbed molecules.

advanced gas-cooled reactor (AGR)
See NUCLEAR REACTOR.

adventitious Describing organs or
other structures that arise in unusual po-
sitions. For example, ivy has adventitious
roots growing from its stems.

aerial (antenna) The part of a radio or
television system from which radio waves
are transmitted into the atmosphere or
space (transmitting aerial) or by which
they are received (receiving aerial). A di-
rectional or directive aerial is one in
which energy is transmitted or received
more effectively from some directions

than others, whereas an omnidirectional
aerial transmits and receives equally well
in all directions.

aerobe See¢ AEROBIC RESPIRATION.

aerobic respiration A type of *respira-
tion in which foodstuffs (usually carbohy-
drates) are completely oxidized to carbon
dioxide and water, with the release of
chemical energy, in a process requiring at-
mospheric oxygen. The reaction can be
summarized by the equation:

CgH1,06 + 60, — 6CO, + 6H,0 + energy

The chemical energy released is stored
mainly in the form of *ATP. The first
stage of aerobic respiration is *glycolysis,
which takes place in the cytosol of cells
and also occurs in fermentations and
other forms of *anaerobic respiration.
Further oxidation in the presence of oxy-
gen is via the *Krebs cycle and *electron
transport chain, enzymes for which are
located in the *mitochondria of eukaryote
cells. Most organisms have aerobic respi-
ration (i.e. they are aerobes); exceptions
include certain bacteria and yeasts.

aerodynamics The study of the motion
of gases (particularly air) and the motion
of solid bodies in air. Aerodynamics is par-
ticularly concerned with the motion and

rarefaction zone

— >
;"—compressmn Zone

section through an aircraft wing

forces on an aircraft

Aerodynamics
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stability of aircraft. Another application of
aerodynamics is to the *flight of birds and
insects. The branch of aerodynamics con-
cerned with the flow of gases through
compressors, ducts, fans, orifices, etc., is
called internal aerodynamics.

Aerodynamic drag is the force that op-
poses the motion of a body moving rela-
tive to a gas and is a function of the
density of the gas, the square of the rela-
tive velocity, the surface area of the body,
and a quantity called the drag coefficient,
which is a function of the *Reynolds num-
ber. Aerodynamic lift is an upward force
experienced by a body moving through a
gas and is a function of the same variables
as aerodynamic drag.

aerogel A low-density porous transpar-
ent material that consists of more than
90% air. Usually based on metal oxides or
silica, aerogels are used as drying agents
and insulators.

aerogenerator See WIND POWER.

aerosol A colloidal dispersion of a solid
or liquid in a gas. The commonly used
aerosol sprays contain an inert propellant
liquefied under pressure. Halogenated
alkanes containing chlorine and fluorine
(*chlorofluorocarbons, or CFCs) have been
used in aerosol cans. This use has been
criticized on the grounds that these com-
pounds persist in the atmosphere and
lead to depletion of the *ozone layer.

aerospace The earth’s atmosphere and
the space beyond it.

aerotaxis See TAXIS.

aestivation 1. (in zoology) A state of in-
activity occurring in some animals, no-
tably lungfish, during prolonged periods
of drought or heat. Feeding, respiration,
movement, and other bodily activities are
considerably slowed down. See also DOR-
MANCY. Compare HIBERNATION. 2. (in
botany) The arrangement of the parts of a
flower bud, especially of the sepals and
petals.

aetiology The study of causes, espe-
cially the causes of medical conditions.

afferent Carrying (nerve impulses,
blood, etc.) from the outer regions of a
body or organ towards its centre. The

term is usually applied to types of nerve
fibres or blood vessels. Compare EFFERENT.

aflatoxin Any of four related toxic com-
pounds produced by the mould Aspergillus
flavus. Aflatoxins bind to DNA and prevent
replication and transcription. They can
cause acute liver damage and cancers: hu-
mans may be poisoned by eating stored
peanuts and cereals contaminated with
the mould.

AFM See ATOMIC FORCE MICROSCOPE.

afterbirth The *placenta, *umbilical
cord, and *extraembryonic membranes,
which are expelled from the womb after a
mammalian fetus is born. In most non-
human mammals the afterbirth, which
contains nutrients and might otherwise
attract predators, is eaten by the female.

after-heat Heat produced by a nuclear
reactor after it has been shut down. The
after-heat is generated by radioactive sub-
stances formed in the fuel elements.

agamospermy See APOMIXIS.

agar An extract of certain species of red
seaweeds that is used as a gelling agent in
microbiological *culture media, food-
stuffs, medicines, and cosmetic creams
and jellies. Nutrient agar consists of a
broth made from beef extract or blood
that is gelled with agar and used for the
cultivation of bacteria, fungi, and some
algae.

agate A variety of *chalcedony that
forms in rock cavities and has a pattern of
concentrically arranged bands or layers
that lie parallel to the cavity walls. These
layers are frequently alternating tones of
brownish-red. Moss agate does not show
the same banding and is a milky chal-
cedony containing mosslike or dendritic
patterns formed by inclusions of man-
ganese and iron oxides. Agates are used in
jewellery and for ornamental purposes.

ageing See SENESCENCE.

age of the earth The time since the
earth emerged as a planet of the sun, esti-
mated by *dating techniques to be about
4.6 x 10° years. The oldest known rocks
on earth are estimated by their *radio-
active age to be about 3.5 x 10° years old.
The earth is older than this because of the
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long time it took to cool. An estimate for
the cooling time is included in the esti-
mate for the age of the earth.

age of the universe A time deter-
mined by the reciprocal of the value of
the *Hubble constant to be about 13.7 bil-
lion years. The calculation of the Hubble
constant, and hence the age of the uni-
verse, depends on which theory of *cos-
mology is used. Usually, the age of the
universe is calculated by assuming that
the *expansion of the universe can be de-
scribed by the *big-bang theory.

agglutination The clumping together
by antibodies of microscopic foreign parti-
cles, such as red blood cells or bacteria, so
that they form a visible pellet-like precipi-
tate. Agglutination is a specific reaction,
i.e. a particular antigen will only clump in
the presence of its specific antibody; it
therefore provides a means of identifying
unknown bacteria and determining
*blood group. When blood of incompat-
ible blood groups (e.g. group A and group
B - see ABO SYSTEM) is mixed together ag-
glutination of the red cells occurs
(haemagglutination). This is due to the re-
action between antibodies in the plasma
(agglutinins) and *agglutinogens (anti-
gens) on the surface of the red cells.

agglutinogen Any of the antigens that
are present on the outer surface of red
blood cells (erythrocytes). There are more
than 100 different agglutinogens and they
form the basis for identifying the differ-
ent *blood groups. Antibodies in the
plasma, known as agglutinins, react with
the agglutinogens in blood of an incom-
patible blood group (see AGGLUTINATION).

aggression Behaviour aimed at intimi-
dating or injuring another animal of the
same or a competing species. Aggression
between individuals of the same species
often starts with a series of ritualized dis-
plays or contests that can end at any stage
if one of the combatants withdraws, leav-
ing the victor with access to a disputed re-
source (e.g. food, a mate, or *territory) or
with increased social dominance (see DOM-
INANT). It is also often seen in *courtship.
Aggression or threat displays usually ap-
pear to exaggerate the performer’s size or
strength; for example, many fish erect
their fins and mammals and birds may

erect hairs or feathers. Special markings
may be prominently exhibited, and inten-
tion movements may be made: dogs bare
their teeth, for example. Some animals
have evolved special structures for use in
aggressive interactions (e.g. antlers in
deer) but these are seldom used to cause
actual injury; the opponent usually flees
first or adopts *appeasement postures.
Fights ‘to the death’ are comparatively
rare. See AGONISTIC BEHAVIOUR; DISPLAY
BEHAVIOUR; RITUALIZATION.

Agnatha A subphylum or superclass of
marine and freshwater vertebrates that
lack jaws. They are fishlike animals with
cartilaginous skeletons and well-developed
sucking mouthparts with horny teeth.
The only living agnathans are lampreys
and hagfishes (class Cyclostomata), which
are parasites or scavengers. Fossil agna-
thans, covered in an armour of bony
plates, are the oldest known fossil verte-
brates. They have been dated from the Si-
lurian and Devonian periods, 440-345
million years ago. Compare GNATHOSTOM-
ATA.

agonist A drug, hormone, neurotrans-
mitter, or other signal molecule that
forms a complex with a *receptor site,
thereby triggering an active response
from a cell. Compare ANTAGONIST.

agonistic behaviour Any form of be-
haviour associated with *aggression, in-
cluding threat, attack, *appeasement, or
flight. It is often associated with defence
of a territory; for example, a threat dis-
play by the defending individual is often
met with an appeasement display from
the intruder, thus avoiding harmful
conflict.

AGR Advanced gas-cooled reactor. See
NUCLEAR REACTOR.

agranulocyte Any white blood cell (see
LEUCOCYTE) with a nongranular cytoplasm
and a large spherical nucleus; *lympho-
cytes and *monocytes are examples.
Agranulocytes are produced either in the
lymphatic system or in the bone marrow
and account for 30% of all leucocytes. Com-
pare GRANULOCYTE.

agriculture The study and practice of
cultivating land for the growing of crops
and the rearing of livestock. The increas-
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ing demands for food production since
the mid-20th century have seen many de-
velopments in agricultural technology
and practices that have greatly increased
crop and livestock production. However,
these advances in modern intensive farm-
ing techniques have had their impact on
the environment, particularly with in-
creased use of *fertilizers and *pesticides.
The now widespread practice of crop
monoculture (in which one crop is grown
densely over an extensive area) has re-
quired an increase in the use of *pesti-
cides, as monoculture provides an ideal
opportunity for crop pests. Monoculture
also requires vast areas of land, which has
meant that natural habitats have been de-
stroyed. *Deforestation has resulted from
the clearing of forests for crop production
and cattle rearing. Advances in technol-
ogy have included ploughing machines
with hydraulic devices that can control
the depth to which the soil is ploughed,
and seed drills that automatically implant
seeds in the soil so that ploughing is not
necessary. Food supply in many less-
developed countries relies on subsistence
farming, in which the crops and live-
stock produced are used solely to feed the
farmer and his family. In such countries a
system known as slash and burn is com-
mon, in which the vegetation in an area is
cut down and then burnt, thus returning
the minerals to the soil. The area can then
be used for crop cultivation until the soil
fertility drops, at which point it is then
abandoned for a number of years and an-
other site is cultivated.

The selective *breeding of crop plants
and farm animals has had an enormous
impact on productivity in agriculture.
Modern varieties of crop plants have in-
creased nutritional value and greater re-
sistance to disease, while animals have
been selectively bred to enhance their
yields of milk, meat, and other products.
Developments in genetic engineering
have enabled the introduction to commer-
cial cultivation of genetically modified
crop plants, such as tomatoes and soya,
which contain foreign genes to enhance
crop growth, nutritional properties, or
storage characteristics. Genetic modifica-
tion can also confer resistance to herbi-
cides, thereby allowing more effective
weed control, as well as improved resis-

tance to insects and other pests and to dis-
eases. The application of similar technol-
ogy to animal production is being
researched. See also GENETICALLY MODIFIED
ORGANISMS (Feature).

Agrobacterium tumefaciens A Gram-
negative soil bacterium that infects a wide
range of plants and causes *galls, espe-
cially at the root/stem junction (crown
gall). It is of interest because the bacterial
cells contain a *plasmid, the Ti plasmid
(tumour-inducing plasmid), a segment of
which is transferred to cells of the plant
host. This T-DNA (transfer DNA) segment,
which comprises the genes responsible
for the gall, becomes integrated into the
genome of infected plant cells. Possession
of the Ti plasmid has made A. tumefaciens
an important tool in genetic engineering
for the introduction of foreign genes into
plant tissue. The tumour-inducing genes
are usually replaced with the gene of in-
terest, and a marker gene (e.g. the anti-
biotic resistance gene) is added to enable
selection of transformed cells. See GENETI-
CALLY MODIFIED ORGANISMS (Feature).

Al 1. See ARTIFICIAL INTELLIGENCE. 2. See
ARTIFICIAL INSEMINATION.

AIDS (acquired immune deficiency syn-
drome) A disease of humans character-
ized by defective cell-mediated
*immunity and increased susceptibility to
infections. It is caused by the retrovirus
*HIV (human immunodeficiency virus).
This infects and destroys helper *T cells,
which are essential for combating infec-
tions. HIV is transmitted in blood, semen,
and vaginal fluid; the major routes of in-
fection are unprotected vaginal and anal
intercourse, intravenous drug abuse, and
the administration of contaminated blood
and blood products. A person infected
with HIV is described as HIV-positive; after
the initial infection the virus can remain
dormant for up to ten years before AIDS
develops. *Antiviral drugs can delay the
development of full-blown AIDS, in some
cases for many years.

air See EARTH’S ATMOSPHERE.
air bladder See swiM BLADDER.

air mass (in meteorology) An area of the
atmosphere that in the horizontal field
possesses more or less uniform properties,
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especially temperature and humidity, and
extends for hundreds of kilometres. The
transition zone at which one air mass
meets another is known as a *front. Air
masses develop over extensive areas of
the earth’s surface, known as source re-
gions, where conditions are sufficiently
uniform to impart similar characteristics
to the overlying air. These areas are
chiefly areas of high pressure. As an air
mass moves away from its source region it
undergoes modification.

air pollution (atmospheric pollution)
The release into the atmosphere of sub-
stances that cause a variety of harmful
effects to the natural environment. Most
air pollutants are gases that are released
into the troposphere, which extends
about 8 km above the surface of the earth.
The burning of *fossil fuels, for example
in power stations, is a major source of air
pollution as this process produces such
gases as sulphur dioxide and carbon diox-
ide. Released into the atmosphere, both
these gases (especially carbon dioxide)
contribute to the *greenhouse effect. Sul-
phur dioxide and nitrogen oxides, re-
leased in car exhaust fumes, are air
pollutants that are responsible for the for-
mation of *acid rain; nitrogen oxides also
contribute to the formation of *photo-
chemical smog. See also OZONE LAYER; POL-
LUTION.

air sac 1. Any one of a series of thin-
walled sacs in birds that are connected to
the lungs and increase the efficiency of
ventilation. Some of the air sacs penetrate
the internal cavities of bones. 2. A struc-
tural extension to the *trachea in insects,
which increases the surface area available
for the exchange of oxygen and carbon
dioxide in respiration.

alabaster See Gypsum.
alanine See AMINO ACID.

albedo 1. The ratio of the radiant flux
reflected by a surface to that falling on it.
2. The probability that a neutron entering
a body of material will be reflected back
through the same surface as it entered.

albinism Hereditary lack of pigmenta-
tion (see MELANIN) in an organism. Albino
animals and human beings have no col-
our in their skin, hair, or eyes (the irises

appear pink from underlying blood ves-
sels). The *allele responsible is *recessive
to the allele for normal pigmentation.

albumen See ALBUMIN.

albumin One of a group of globular pro-
teins that are soluble in water but form
insoluble coagulates when heated. Albu-
mins occur in egg white (the protein com-
ponent of which is known as albumen),
blood, milk, and plants. Serum albumins,
which constitute about 55% of blood
plasma protein, help regulate the osmotic
pressure and hence plasma volume. They
also bind and transport fatty acids. o-
lactalbumin is a protein in milk.

albuminous cell See COMPANION CELL.
alburnum See sAPwoOD.

alcoholic fermentation Se¢ FERMENTA-
TION.

alcohols Organic compounds that con-
tain the -OH group. In systematic chemi-
cal nomenclature alcohol names end in
the suffix -ol. Examples are methanol,
CH;0H, and ethanol, C,H;OH. Primary al-
cohols have two hydrogen atoms on the
carbon joined to the -OH group (i.e. they
contain the group -CH,-OH); secondary
alcohols have one hydrogen on this car-
bon (the other two bonds being to carbon
atoms, as in (CH;),CHOH); tertiary alco-
hols have no hydrogen on this carbon (as
in (CH;);COH): see formulae. The different
types of alcohols may differ in the way
they react chemically. For example, with
potassium dichromate(VI) in sulphuric
acid the following reactions occur
primary alcohol — aldehyde —
carboxylic acid
secondary alcohol — ketone

H\ _OH
C
H” MH
primary alcohol (methanol)
Hx . OH
/7N
CH CH,
secondary alcohol (propan-2-ol)
CH,\_OH
U\
CHY CH,
tertiary alcohol (2-methylpropan-2-ol)

Examples of alcohols
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algal bloom

tertiary alcohol - no reaction

Other characteristics of alcohols are re-
action with acids to give *esters and dehy-
dration to give *alkenes or *ethers.
Alcohols that have two -OH groups in
their molecules are diols (or dihydric alco-
hols), those with three are triols (or trihy-
dric alcohols), etc.

aldehydes Organic compounds that
contain the group -CHO (the aldehyde
group; i.e. a carbonyl group (C=0) with a
hydrogen atom bound to the carbon
atom). In systematic chemical nomencla-
ture, aldehyde names end with the suffix
-al. Examples of aldehydes are methanal
(formaldehyde), HCOH, and ethanal (ac-
etaldehyde), CH;CHO. Aldehydes are
formed by oxidation of primary *alcohols;
further oxidation yields carboxylic acids.
They are reducing agents and tests for
aldehydes include *Fehling’s test and
*Tollens reagent. Aldehydes have certain
characteristic addition and condensation
reactions. With sodium hydrogensul-
phate(IV) they form addition compounds
of the type [RCOH(SO5)H|™ Na*. Formerly
these were known as bisulphite addition
compounds. They also form addition com-
pounds with hydrogen cyanide to give
*cyanohydrins and with alcohols to give
*acetals and undergo condensation reac-
tions to yield *oximes, *hydrazones, and
*semicarbazones. Aldehydes readily poly-
merize. See also KETONES.

~ _O_ | aldehyde group
Iz /
R—C
AN |
| H |
Aldehyde structure

aldohexose Se¢c MONOSACCHARIDE.
aldol See ALDOL REACTION.

aldol reaction A reaction of aldehydes
of the type

2RCH,CHO == RCH,CH(OH)CHRCHO

where R is a hydrocarbon group. The re-
sulting compound is a hydroxy-aldehyde,
i.e. an aldehyde-alcohol or aldol, contain-
ing alcohol (-OH) and aldehyde (-CHO)
groups on adjacent carbon atoms. The re-
action is base-catalysed, the first step
being the formation of a carbanion of the

type RHC"CHO, which adds to the car-
bonyl group of the other aldehyde mol-
ecule. For the carbanion to form, the
aldehyde must have a hydrogen atom on
the carbon next to the carbonyl group.
Aldols can be further converted to
other products; in particular, they are a
source of unsaturated aldehydes. For ex-
ample, the reaction of ethanal gives
3-hydroxybutenal (acetaldol):

2CH,CHO == CH,CH(OH)CH,CHO

This can be further dehydrated to
2-butenal (crotonaldehyde):

CH,CH(OH)CH,CHO — H,0 +
CH,CH:CHCHO

aldose See MONOSACCHARIDE.

aldosterone A hormone produced by
the adrenal glands (see CORTICOSTEROID)
that controls excretion of sodium by the
kidneys and thereby maintains the bal-
ance of salt and water in the body fluids.
See also ANGIOTENSIN.

algae Any of various simple organisms
that contain chlorophyll (and can there-
fore carry out photosynthesis) and live in
aquatic habitats and in moist situations
on land. The algal body may be unicellu-
lar or multicellular (filamentous, ribbon-
like, or platelike). Formerly regarded as
plants, algae are now classified as mem-
bers of the kingdom *Protoctista; they are
assigned to separate phyla based primarily
on the composition of the cell wall, the
nature of the stored food reserves, and
the other photosynthetic pigments pres-
ent. See BACILLARIOPHYTA; CHLOROPHYTA;
PHAEOPHYTA; RHODOPHYTA.

The organisms formerly known as blue-
green algae are now classified as bacteria
(see CYANOBACTERIA).

algal bloom (bloom) The rapid increase
in populations of algae and other phyto-
plankton, in particular the *cyanobacte-
ria, that occurs in inland water systems,
such as lakes. The density of the organ-
isms may be such that it may prevent
light from passing to lower depths in the
water system. Blooms are caused by an in-
crease in levels of nitrate, a mineral ion
essential for algal and bacterial growth.
The source of increased nitrate may be
from agricultural *fertilizers, which are
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leached into water systems from the land,
or *sewage effluent. Blooms contribute to
the eutrophication of water systems. See
also EUTROPHIC.

algebra The branch of mathematics in
which variable quantities and numbers
are represented by symbols. Statements
are usually made in the form of equa-
tions, which are manipulated into conve-
nient forms and solved according to a set
of strictly logical rules.

algebraic sum The total of a set of
quantities paying due regard to sign, e.g.
the algebraic sum of 3 and -4 is -1.

Algol An early high-level block-
structured computer programming lan-
guage. Algol 60 dates from about 1960.
Algol 68, of 1968, is a more powerful ab-
stract language. The final version, Algol
W, was the precursor of Pascal. The name
is short for algorithmic language.

algorithm A method of solving a prob-
lem, involving a finite series of steps. In
computing practice the algorithm denotes
the expression on paper of the proposed
computing process (often by means of a
flowchart) prior to the preparation of the
program. If no algorithm is possible a
*heuristic solution has to be sought.

alicyclic compound A compound that
contains a ring of atoms and is aliphatic.
Cyclohexane, CgH;,, is an example.

alimentary canal (digestive tract; gut)
A tubular organ in animals that is divided
into a series of zones specialized for the
ingestion, *digestion, and *absorption of
food and for the elimination of indi-
gestible material (see illustration). In most
animals the canal has two openings, the
mouth (for the intake of food) and the
*anus (for the elimination of waste). Sim-
ple animals, such as cnidarians (e.g. Hydra
and jellyfish) and flatworms, have only
one opening to their alimentary canal,
which must serve both functions.

aliphatic compounds Organic com-
pounds that are *alkanes, *alkenes, or
*alkynes or their derivatives. The term is
used to denote compounds that do not
have the special stability of *aromatic
compounds. All noncyclic organic com-

pounds are aliphatic. Cyclic aliphatic com-
pounds are said to be alicyclic.

alizarin An orange-red dye, C,,HzO,,
which forms *lakes when heavy metal
salts are added to its alkaline solutions. It
occurs naturally in madder, but is gener-
ally synthesized from *anthraquinone.

alkali A *base that dissolves in water to
give hydroxide ions.

alkali metals (group 1 elements) The el-
ements of group 1 (formerly IA) of the
*periodic table: lithium (Li), sodium (Na),
potassium (K), rubidium (Rb), caesium
(Cs), and francium (Fr). All have a charac-
teristic electron configuration that is a
noble gas structure with one outer
s-electron. They are typical metals (in the
chemical sense) and readily lose their
outer electron to form stable M* ions with
noble-gas configurations. All are highly re-
active, with the reactivity (i.e. metallic
character) increasing down the group.
There is a decrease in ionization energy
from lithium (520 k] mol™) to caesium
(380 k] mol™?). The second ionization ener-
gies are much higher and divalent ions
are not formed. Other properties also
change down the group. Thus, there is an
increase in atomic and ionic radius, an in-
crease in density, and a decrease in melt-
ing and boiling point. The standard
electrode potentials are low and negative,
although they do not show a regular
trend because they depend both on ion-
ization energy (which decreases down the
group) and the hydration energy of the
ions (which increases).

All the elements react with water
(lithium slowly; the others violently) and
tarnish rapidly in air. They can all be
made to react with chlorine, bromine, sul-
phur, and hydrogen. The hydroxides of
the alkali metals are strongly alkaline
(hence the name) and do not decompose
on heating. The salts are generally solu-
ble. The carbonates do not decompose on
heating, except at very high tempera-
tures. The nitrates (except for lithium) de-
compose to give the nitrite and oxygen:

2MNO3;(s) — 2MNO,(s) + O,(g)

Lithium nitrate decomposes to the oxide.
In fact lithium shows a number of dissimi-
larities to the other members of group 1
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and in many ways resembles magnesium
(see DIAGONAL RELATIONSHIP). In general,
the stability of salts of oxo acids increases
down the group (i.e. with increasing size
of the M* ion). This trend occurs because
the smaller cations (at the top of the
group) tend to polarize the oxo anion
more effectively than the larger cations at
the bottom of the group.

alkalimetry Volumetric analysis using
standard solutions of alkali to determine
the amount of acid present.

alkaline 1. Describing an alkali. 2. De-

salivary glands

scribing a solution that has an excess of
hydroxide ions (i.e. a pH greater than 7).

alkaline-earth metals (group 2 el-
ements) The elements of group 2 (for-
merly IIA) of the *periodic table:
beryllium (Be), magnesium (Mg), calcium
(Ca), strontium (Sr), and barium (Ba). The
elements are sometimes referred to as the
‘alkaline earths’, although strictly the
‘earths’ are the oxides of the elements. All
have a characteristic electron configura-
tion that is a noble-gas structure with two
outer s-electrons. They are typical metals
(in the chemical sense) and readily lose
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both outer electrons to form stable M?*
ions; i.e. they are strong reducing agents.
All are reactive, with the reactivity in-
creasing down the group. There is a de-
crease in both first and second ionization
energies down the group. Although there
is a significant difference between the first
and second ionization energies of each el-
ement, compounds containing univalent
ions are not known. This is because the di-
valent ions have a smaller size and larger
charge, leading to higher hydration ener-
gies (in solution) or lattice energies (in
solids). Consequently, the overall energy
change favours the formation of divalent
compounds. The third ionization energies
are much higher than the second ioniza-
tion energies, and trivalent compounds
(containing M>") are unknown.

Beryllium, the first member of the
group, has anomalous properties because
of the small size of the ion; its atomic ra-
dius (0.112 nm) is much less than that of
magnesium (0.16 nm). From magnesium
to radium there is a fairly regular increase
in atomic and ionic radius. Other regular
changes take place in moving down the
group from magnesium. Thus, the density
and melting and boiling points all in-
crease. Beryllium, on the other hand, has
higher boiling and melting points than
calcium and its density lies between those
of calcium and strontium. The standard
electrode potentials are negative and
show a regular small decrease from mag-
nesium to barium. In some ways beryl-
lium resembles aluminium (see DIAGONAL
RELATIONSHIP).

All the metals are rather less reactive
than the alkali metals. They react with
water and oxygen (beryllium and magne-
sium form a protective surface film) and
can be made to react with chlorine,
bromine, sulphur, and hydrogen. The ox-
ides and hydroxides of the metals show
the increasing ionic character in moving
down the group: beryllium hydroxide is
amphoteric, magnesium hydroxide is only
very slightly soluble in water and is
weakly basic, calcium hydroxide is spar-
ingly soluble and distinctly basic, stron-
tium and barium hydroxides are quite
soluble and basic. The hydroxides decom-
pose on heating to give the oxide and
water:

M(OH)y(s) — MO(s) + H,O(g)

The carbonates also decompose on heat-
ing to the oxide and carbon dioxide:

MCOs;(s) — MO(s) + CO,(g)
The nitrates decompose to give the oxide:
2M(NO3),(s) = 2MO(s) + 4NO,(g) + O,(g)

As with the *alkali metals, the stability of
salts of oxo acids increases down the
group. In general, salts of the alkaline-
earth elements are soluble if the anion
has a single charge (e.g. nitrates, chlo-
rides). Most salts with a doubly charged
anion (e.g. carbonates, sulphates) are in-
soluble. The solubilities of salts of a partic-
ular acid tend to decrease down the
group. (Solubilities of hydroxides increase
for larger cations.)

alkaloid One of a group of nitrogenous
organic compounds derived from plants
and having diverse pharmacological prop-
erties. Alkaloids include morphine, co-
caine, atropine, quinine, and caffeine,
most of which are used in medicine as
analgesics (pain relievers) or anaesthetics.
Some alkaloids are poisonous, e.g. strych-
nine and coniine, and *colchicine inhibits
cell division.

alkanal An aliphatic aldehyde.

alkanes (paraffins) Saturated hydrocar-
bons with the general formula C,H,,.,. In
systematic chemical nomenclature alkane
names end in the suffix -ane. They form a
*homologous series (the alkane series)
methane (CH,), ethane (C,Hg), propane
(C3Hg), butane (C4H;,), pentane (CsHy,),
etc. The lower members of the series are
gases; the high-molecular weight alkanes
are waxy solids. Alkanes are present in
natural gas and petroleum. They can be
made by heating the sodium salt of a car-
boxylic acid with soda lime:

RCOO™Na* + Na*OH~ — Na,CO, + RH

Other methods include the *Wurtz reac-
tion and *Kolbe’s method. Generally the
alkanes are fairly unreactive. They form
haloalkanes with halogens when irradi-
ated with ultraviolet radiation.

alkanol An aliphatic alcohol.

alkenes (olefines; olefins) Unsaturated
hydrocarbons that contain one or more
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H H H molecule. The *Friedel-Crafts reaction re-
H> c= (l:_ é_ é—H but-1-ene sults in alkylation of aromatic com-
H (] pounds.
H H
alkylbenzenes Organic compounds
that have an alkyl group bound to a ben-
T T zene ring. The simplest example is
but-2-ene methylbenzene (toluene), CH;C¢Hs. Alkyl

Butene isomers

double carbon-carbon bonds in their mol-
ecules. In systematic chemical nomencla-
ture alkene names end in the suffix -ene.
Alkenes that have only one double bond
form a homologous series (the alkene se-
ries) starting ethene (ethylene), CH,:CH,,
propene, CH;CH:CH,, etc. The general for-
mula is C,H,,. Higher members of the se-
ries show isomerism depending on
position of the double bond; for example,
butene (C4Hg) has two isomers, which are
(1) but-1-ene (C,HsCH:CH,) and (2) but-2-
ene (CH;CH:CHCH,): see formulae.

Alkenes can be made by dehydration of
alcohols (passing the vapour over hot
pumice):

RCH,CH,OH - H,0 — RCH:CH,

An alternative method is the removal of a
hydrogen atom and halogen atom from a

haloalkane by potassium hydroxide in hot
alcoholic solution:

RCH,CH,Cl + KOH — KCl + H,0 +
RCH:CH,

Alkenes typically undergo *addition reac-
tions to the double bond. See also HYDRO-
GENATION; OXO PROCESS; OZONOLYSIS;
ZIEGLER PROCESS.

alkoxides Compounds formed by reac-
tion of alcohols with sodium or potassium
metal. Alkoxides are saltlike compounds
containing the ion R-O".

alkyd resin A type of *polyester resin
used in paints and other surface coating.
The original alkyd resins were made by
copolymerizing phthalic anhydride with
glycerol, to give a brittle cross-linked poly-
mer. The properties of such resins can be
modified by adding monobasic acids or al-
cohols during the polymerization.

alkylation A chemical reaction that in-
troduces an *alkyl group into an organic

benzenes can be made by the *Friedel-
Crafts reaction.

alkyl group A group obtained by re-
moving a hydrogen atom from an alkane,
e.g. methyl group, CH;-, derived from
methane.

alkyl halides See HALOALKANES.

alkynes (acetylenes) Unsaturated hydro-
carbons that contain one or more triple
carbon-carbon bonds in their molecules.
In systematic chemical nomenclature
alkyne names end in the suffix -yne.
Alkynes that have only one triple bond
form a *homologous series: ethyne (acety-
lene), CH=CH, propyne, CH;CH=CH, etc.
They can be made by the action of potas-
sium hydroxide in alcohol solution on
haloalkanes containing halogen atoms on
adjacent carbon atoms; for example:

RCHCICH,CI + 2KOH — 2KCI + 2H,0 +
RCH=CH

Like *alkenes, alkynes undergo addition
reactions.

allantois One of the membranes that
develops in embryonic reptiles, birds, and
mammals as a growth from the hindgut.
It acts as a urinary bladder for the storage
of waste excretory products in the egg (in
reptiles and birds) and as a means of pro-
viding the embryo with oxygen (in rep-
tiles, birds, and mammals) and food (in
mammals; see PLACENTA). See also EXTRAEM-
BRYONIC MEMBRANES.

allele (allelomorph) One of the alterna-
tive forms of a gene. In a diploid cell there
are usually two alleles of any one gene
(one from each parent), which occupy the
same relative position (*locus) on *ho-
mologous chromosomes. These alleles
may be the same, or one allele may be
*dominant to the other (known as the
*recessive), i.e. it determines which as-
pects of a particular characteristic the or-
ganism will display. Within a population
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there may be many alleles of a gene; each
has a unique nucleotide sequence.

allelomorph See ALLELE.

allelopathy The secretion by plants of
chemicals, such as phenolic and terpenoid
compounds, that inhibit the growth or
germination of other plants, with which
they are competing. For example, the aro-
matic oils released by certain shrubs of
the Californian chaparral pass into the
soil and inhibit the growth of herbaceous
species nearby. Some plants produce
chemicals that are toxic to grazing herbiv-
orous animals.

allenes Compounds that contain the
group >C=C=Cx, in which three carbon
atoms are linked by two adjacent double
bonds. The outer carbon atoms are each
linked to two other atoms or groups by
single bonds. The simplest example is 1,2-
propadiene, CH,CCH,. Allenes are *dienes
with typical reactions of alkenes. Under
basic conditions, they often convert to
alkynes. In an allene, the two double
bonds lie in planes that are perpendicular
to each other. Consequently, in an allene
of the type R;R,C:C:CR;R,, the groups R,
and R, lie in a plane perpendicular to the
plane containing R; and R,. Under these
circumstances, the molecule is chiral and
can show optical activity.

allergen An antigen that provokes an
abnormal *immune response. Common
allergens include pollen and dust (see AL-
LERGY).

allergy A condition in which the body
produces an abnormal *immune response
to certain *antigens (called allergens),
which include dust, pollen, certain foods
and drugs, or fur. In allergic individuals
these substances, which in a normal per-
son would be destroyed by antibodies,
stimulate the release of *histamine and
*serotonin, leading to inflammation and
other characteristic symptoms of the al-
lergy (e.g. asthma or hay fever). See also
ANAPHYLAXIS; MAST CELLS.

allogamy Cross-fertilization in plants.
See FERTILIZATION.

allograft See GRAFT.

allometric growth The regular and
systematic pattern of growth such that

the mass or size of any organ or part of a
body can be expressed in relation to the

total mass or size of the entire organism
according to the allometric equation:

Y =Dbx® where Y = mass of the organ, x=

mass of the organism, o = growth coeffi-

cient of the organ, and b = a constant.

allopatric Describing or relating to
groups of similar organisms that could
interbreed but do not because they are
geographically separated. Compare SYM-
PATRIC. See SPECIATION.

allopolyploid A *polyploid organism,
usually a plant, that contains multiple
sets of chromosomes derived from differ-
ent species. Hybrids are usually sterile,
because they do not have sets of *ho-
mologous chromosomes and therefore
*pairing cannot take place. However, if
doubling of the chromosome number oc-
curs in a hybrid derived from two diploid
(2n) species, the resulting tetraploid (4n) is
a fertile plant. This type of tetraploid is
known as an allotetraploid; as it contains
two sets of homologous chromosomes,
pairing and crossing over are now pos-
sible. Allopolyploids are of great impor-
tance to plant breeders as advantages
possessed by different species can be com-
bined. The species of wheat, Triticum aes-
tivum, used to make bread is an
allohexaploid (61), possessing 42 chromo-
somes, which is six times the original
haploid number (n) of 7. Compare AuTO-
POLYPLOID.

all-or-none response A type of re-
sponse that may be either complete and
of full intensity or totally absent, depend-
ing on the strength of the stimulus; there
is no partial response. For example, a
nerve cell is either stimulated to transmit
a complete nervous impulse or else it re-
mains in its resting state; a stinging
*thread cell of a cnidarian is either com-
pletely discharged or it is not.

allosteric enzyme An enzyme that has
two structurally distinct forms, one of
which is active and the other inactive. In
the active form, the quaternary structure
(see PROTEIN) of the enzyme is such that a
substrate can interact with the enzyme at
the active site (see ENZYME-SUBSTRATE
coMPLEX). The conformation of the sub-
strate-binding site becomes altered in the
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inactive form and interaction with the
substrate is not possible. Allosteric en-
zymes tend to catalyse the initial step in a
pathway leading to the synthesis of mol-
ecules. The end product of this synthesis
can act as a feedback inhibitor (see INHIBI-
TION) and the enzyme is converted to the
inactive form, thereby controlling the
amount of product synthesized.

allotropy The existence of elements in
two or more different forms (allotropes).
In the case of oxygen, there are two
forms: ‘normal’ dioxygen (O,) and ozone,
or trioxygen (Os). These two allotropes
have different molecular configurations.
More commonly, allotropy occurs because
of different crystal structures in the solid,
and is particularly prevalent in groups 14,
15, and 16 of the periodic table. In some
cases, the allotropes are stable over a tem-
perature range, with a definite transition
point at which one changes into the
other. For instance, tin has two allotropes:
white (metallic) tin stable above 13.2°C
and grey (nonmetallic) tin stable below
13.2°C. This form of allotropy is called
enantiotropy. Carbon also has two al-
lotropes - diamond and graphite - al-
though graphite is the stable form at all
temperatures. This form of allotropy, in
which there is no transition temperature
at which the two are in equilibrium, is
called monotropy. See also POLYMORPHISM.

allowed bands Se¢ ENERGY BAND.

allowed transitions See SELECTION
RULES.

alloy A material consisting of two or
more metals (e.g. brass is an alloy of cop-
per and zinc) or a metal and a nonmetal
(e.g. steel is an alloy of iron and carbon,
sometimes with other metals included).
Alloys may be compounds, *solid solu-
tions, or mixtures of the components.

alloy steels See STEEL.

alluvial deposits Sediments deposited
in a river, which range in particle size
from fine silts to coarse gravels.

allyl group See PROPENYL GROUP.

Alnico A trade name for a series of al-
loys, containing iron, aluminium, nickel,
cobalt, and copper, used to make perma-
nent magnets.

alpha-iron See 1RON.

alpha-naphthol test A biochemical
test to detect the presence of carbohy-
drates in solution, also known as
Molisch’s test (after the Austrian chemist
H. Molisch (1856-1937), who devised it). A
small amount of alcoholic alpha-naphthol
is mixed with the test solution and con-
centrated sulphuric acid is poured slowly
down the side of the test tube. A positive
reaction is indicated by the formation of a
violet ring at the junction of the liquids.

alpha particle A helium-4 nucleus
emitted by a larger nucleus during the
course of the type of radioactive decay
known as alpha decay. As a helium-4 nu-
cleus consists of two protons and two neu-
trons bound together as a stable entity the
loss of an alpha particle involves a de-
crease in *nucleon number of 4 and de-
crease of 2 in the *atomic number, e.g.
the decay of a uranium-238 nucleus into
a thorium-234 nucleus. A stream of alpha
particles is known as an alpha-ray or
alpha-radiation.

alternating current (a.c.) An electric
current that reverses its direction with a
constant *frequency (f). If a graph of the
current against time has the form of a
*sine wave, the current is said to be sinu-
soidal. Alternating current, unlike direct
current, is therefore continuously varying
and its magnitude is either given as its
peak value ([,) or its *root-mean-square
value (IoN2 for a sinusoidal current). This
r.m.s. value is more useful as it is compa-
rable to a d.c. value in being a measure of
the ability of the current to transmit
power. The instantaneous value of a sinu-
soidal current (I) is given by I = I sin2xft.
If a direct current is supplied to a cir-
cuit the only opposition it encounters is
the circuit’s *resistance. However, an al-
ternating current is opposed not only by
the resistance of the circuit but also by its
*reactance. This reactance is caused by
*capacitance and *inductance in the cir-
cuit. In a circuit consisting of a resistance
(R), an inductance (L), and a capacitance (C)
all in series, the reactance (X) is equal to
(2mfL) - (1/2xfC). The total opposition to
the current, called the *impedance (Z), is
then equal to the ratio of the r.m.s. ap-
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plied p.d. to the r.m.s. current and is given
by V(R? + X?).

alternation of generations The oc-
currence within the *life cycle of an or-
ganism of two or more distinct forms
(generations), which differ from each
other in appearance, habit, and method of
reproduction. The phenomenon occurs in
some protoctists, certain lower animals
(e.g. cnidarians and parasitic flatworms),
and in plants. The malaria parasite (Plas-
modium), for example, has a complex life
cycle involving the alternation of sexually
and asexually reproducing generations. In
plants the generation with sexual repro-
duction is called the *gametophyte and
the asexual generation is the *sporo-
phyte, either of which may dominate the
life cycle, and there is also alternation of
the haploid and diploid states. Thus in
vascular plants the dominant plant is the
diploid sporophyte; it produces spores
that germinate into small haploid gameto-
phytes. In mosses the gametophyte is the
dominant plant and the sporophyte is the
spore-bearing capsule.

alternator An *alternating-current gen-
erator consisting of a coil or coils that ro-
tate in the magnetic field produced by one
or more permanent magnets or electro-
magnets. The electromagnets are supplied
by an independent direct-current source.
The frequency of the alternating current
produced depends on the speed at which
the coil rotates and the number of pairs of
magnetic poles. In the large alternators of
power stations the electromagnets rotate
inside fixed coils; many bicycle dynamos
are alternators with rotating permanent
magnets inside fixed coils.

altimeter A device used to measure
height above sea level. It usually consists
of an aneroid *barometer measuring at-
mospheric pressure. Aircraft are fitted
with altimeters, which are set to the at-
mospheric pressure at a convenient level,
usually sea level, before take off. The
height of the aircraft can then be read off
the instrument as the aircraft climbs and
the pressure falls.

altitude In horizontal coordinate sys-
tems, the distance of a celestial object
above or below the observer’s horizon, ex-

pressed as an angle i.e. its elevation. Com-
pare AZIMUTH.

altruism Behaviour by an animal that
decreases its chances of survival or repro-
duction while increasing those of another
member of the same species. For exam-
ple, a lapwing puts itself at risk by luring
a predator away from the nest through
feigning injury, but by so doing saves its
offspring. Altruism in its biological sense
does not imply any conscious benevolence
on the part of the performer. Altruism
can evolve through *kin selection, if the
recipients of altruistic acts tend on aver-
age to be more closely related to the altru-
ist than the population as a whole. See also
INCLUSIVE FITNESS.

ALU (arithmetic/logic unit) The part of
the central processor of a *computer in
which simple arithmetic and logical oper-
ations are performed electronically. For
example, the ALU can add, subtract, mul-
tiply, or compare two numbers, or negate
a number.

alum See ALUMINIUM POTASSIUM SUL-
PHATE; ALUMS.

alumina See ALUMINIUM OXIDE; ALU-
MINIUM HYDROXIDE.

aluminate A salt formed when alu-
minium hydroxide or y-alumina is dis-
solved in solutions of strong bases, such
as sodium hydroxide. Aluminates exist in
solutions containing the aluminate ion,
commonly written [Al(OH),]". In fact the
ion probably is a complex hydrated ion
and can be regarded as formed from a hy-
drated AI** ion by removal of four hydro-
gen ions:

[AL(H,0)q]>* + 40H™ — 4H,0 +
[A(OH)4(H,0),]"

Other aluminates and polyaluminates,
such as [Al(OH)q]*” and
[(HO);AIOAL(OH)5]*", are also present. See
also ALUMINIUM HYDROXIDE.

aluminium Symbol Al. A silvery-white
lustrous metallic element belonging to
*group 3 (formerly IIIB) of the periodic
table; a.n. 13; r.a.m. 26.98; r.d. 2.7; m.p.
660°C; b.p. 2467°C. The metal itself is
highly reactive but is protected by a thin
transparent layer of the oxide, which
forms quickly in air. Aluminium and its
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aluminium hydroxide

oxide are amphoteric. The metal is ex-
tracted from purified bauxite (Al,05) by
electrolysis; the main process uses a
*Hall-Heroult cell but other electrolytic
methods are under development, includ-
ing conversion of bauxite with chlorine
and electrolysis of the molten chloride.
Pure aluminium is soft and ductile but its
strength can be increased by work-
hardening. A large number of alloys are
manufactured; alloying elements include
copper, manganese, silicon, zinc, and
magnesium. Its lightness, strength (when
alloyed), corrosion resistance, and electri-
cal conductivity (62% of that of copper)
make it suitable for a variety of uses, in-
cluding vehicle and aircraft construction,
building (window and door frames), and
overhead power cables. Although it is the
third most abundant element in the
earth’s crust (8.1% by weight) it was not
isolated until 1825 by H. C. Oersted
(1777-1851).

aluminium acetate See ALUMINIUM
ETHANOATE.

aluminium chloride A whitish solid,
AlCl;, which fumes in moist air and reacts
violently with water (to give hydrogen
chloride). It is known as the anhydrous
salt (hexagonal; r.d. 2.44 (fused solid); m.p.
190°C (2.5 atm.); sublimes at 178°C) or the
hexahydrate AlCl;.6H,0 (thombic; r.d.
2.398; loses water at 100°C), both of
which are deliquescent. Aluminium chlo-
ride may be prepared by passing hydro-
gen chloride or chlorine over hot
aluminium or (industrially) by passing
chlorine over heated aluminium oxide
and carbon. The chloride ion is polarized
by the small positive aluminium ion and
the bonding in the solid is intermediate
between covalent and ionic. In the liquid
and vapour phases dimer molecules exist,
Al,Clg, in which there are chlorine
bridges making coordinate bonds to alu-
minium atoms (see formula). The AlCI,
molecule can also form compounds with
other molecules that donate pairs of elec-

Structure of aluminium trichloride dimer

trons (e.g. amines or hydrogen sulphide);
i.e. it acts as a Lewis *acid. At high tem-
peratures the Al,Cls molecules in the
vapour dissociate to (planar) AlCl; mol-
ecules. Aluminium chloride is used com-
mercially as a catalyst in the cracking of
oils. It is also a catalyst in certain other or-
ganic reactions, especially the Friedel-
Crafts reaction.

aluminium ethanoate (aluminium ac-
etate) A white solid, A(OOCCHa;);, which
decomposes on heating, is very slightly
soluble in cold water, and decomposes in
warm water. The normal salt,
Al(OOCCHy);, can only be made in the ab-
sence of water (e.g. ethanoic anhydride
and aluminium chloride at 180°C); in
water it forms the basic salts
Al(OH)(OOCCHya), and Al,(OH),(OOCCHa),.
The reaction of aluminium hydroxide
with ethanoic acid gives these basic salts
directly. The compound is used exten-
sively in dyeing as a mordant, particularly
in combination with aluminium sulphate
(known as red liquor); in the paper and
board industry for sizing and hardening;
and in tanning. It was previously used as
an antiseptic and astringent.

aluminium hydroxide A white crys-
talline compound, Al(OH);; r.d. 2.42-2.52.
The compound occurs naturally as the
mineral gibbsite (monoclinic). In the labo-
ratory it can be prepared by precipitation
from solutions of aluminium salts. Such
solutions contain the hexaquoalumin-
ium(Ill) ion with six water molecules coor-
dinated, [Al(H,0)¢*". In neutral solution
this ionizes:

[AL(H,0)]*" == H" + [Al(H,0)sOHJ*"

The presence of a weak base such as S*” or
CO,* (by bubbling hydrogen sulphide or
carbon dioxide through the solution)
causes further ionization with precipita-
tion of aluminium hydroxide

AL(H,0)q**(aq) — AI(H,0);(OH)s(s) +
3H'(aq)

The substance contains coordinated water
molecules and is more correctly termed
hydrated aluminium hydroxide. In addi-
tion, the precipitate has water molecules
trapped in it and has a characteristic
gelatinous form. The substance is ampho-
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teric. In strong bases the *aluminate ion
is produced by loss of a further proton:

Al(H,0)5(OH)s(s) + OH (aq) ==
[Al(H,0),(OH),["(aq) + H,O()

On heating, the hydroxide transforms to a
mixed oxide hydroxide, Al0.OH (rhombic;
r.d. 3.01). This substance occurs naturally
as diaspore and boehmite. Above 450°C it
transforms to y-alumina.

In practice various substances can be
produced that are mixed crystalline forms
of Al(OH);, A10.0OH, and aluminium oxide
(Al,05) with water molecules. These are
known as hydrated alumina. Heating the
hydrated hydroxide causes loss of water,
and produces various activated aluminas,
which differ in porosity, number of re-
maining -OH groups, and particle size.
These are used as catalysts (particularly
for organic dehydration reactions), as cata-
lyst supports, and in chromatography.
Gelatinous freshly precipitated alu-
minium hydroxide was formerly widely
used as a mordant for dyeing and calico
printing because of its ability to form in-
soluble coloured *lakes with vegetable
dyes. See also ALUMINIUM OXIDE.

aluminium oxide (alumina) A white or
colourless oxide of aluminium occurring
in two main forms. The stable form o-alu-
mina (r.d. 3.97; m.p. 2015°C; b.p. 2980 +
60°C) has colourless hexagonal or rhom-
bic crystals; y-alumina (r.d. 3.5-3.9) trans-
forms to the o-form on heating and is a
white microcrystalline solid. The com-
pound occurs naturally as corundum or
emery in the o-form with a hexagonal-
close-packed structure of oxide ions with
aluminium ions in the octahedral inter-
stices. The gemstones ruby and sapphire
are aluminium oxide coloured by minute
traces of chromium and cobalt respec-
tively. A number of other forms of alu-
minium oxide have been described (B-, &-,
and (-alumina) but these contain alkali-
metal ions. There is also a short-lived
spectroscopic suboxide AlO. The highly
protective film of oxide formed on the
surface of aluminium metal is yet another
structural variation, being a defective
rock-salt form (every third Al missing).
Pure aluminium oxide is obtained by
dissolving the ore bauxite in sodium hy-
droxide solution; impurities such as iron

oxides remain insoluble because they are
not amphoteric. The hydrated oxide is
precipitated by seeding with material
from a previous batch and this is then
roasted at 1150-1200°C to give pure a-alu-
mina, or at 500-800°C to give y-alumina.
The bonding in aluminium hydroxide is
not purely ionic due to polarization of the
oxide ion. Although the compound might
be expected to be amphoteric, o-alumina
is weakly acidic, dissolving in alkalis to
give solutions containing aluminate ions;
it is resistant to acid attack. In contrast
alumina is typically amphoteric dissolving
both in acids to give aluminium salts and
in bases to give aluminates. a-alumina is
one of the hardest materials known (sili-
con carbide and diamond are harder) and
is widely used as an abrasive in both natu-
ral (corundum) and synthetic forms. Its re-
fractory nature makes alumina brick an
ideal material for furnace linings and alu-
mina is also used in cements for high-
temperature conditions. See also ALU-
MINIUM HYDROXIDE.

aluminium potassium sulphate
(potash alum; alum) A white or colourless
crystalline compound, Aly(SO4);.K,SO,.
24H,0; r.d. 1.757; loses 18H,0 at 92.5°C;
becomes anhydrous at 200°C. It forms
cubic or octahedral crystals that are solu-
ble in cold water, very soluble in hot
water, and insoluble in ethanol and ace-
tone. The compound occurs naturally as
the mineral kalinite. It is a double salt and
can be prepared by recrystallization from
a solution containing equimolar quanti-
ties of potassium sulphate and aluminium
sulphate. It is used as a mordant for dye-
ing and in the tanning and finishing of
leather goods (for white leather). See also
ALUMS.

aluminium sulphate A white or
colourless crystalline compound,
Al,(SO,);, known as the anhydrous com-
pound (r.d. 2.71; decomposes at 770°C) or
as the hydrate Al,(SO);.18H,0 (mono-
clinic; r.d. 1.69; loses water at 86.5°C). The
anhydrous salt is soluble in water and
slightly soluble in ethanol; the hydrate is
very soluble in water and insoluble in
ethanol. The compound occurs naturally
in the rare mineral alunogenite
(Al,(SO)3.18H,0). It may be prepared by
dissolving aluminium hydroxide or china



31

amalgam

clays (aluminosilicates) in sulphuric acid.
It decomposes on heating to sulphur diox-
ide, sulphur trioxide, and aluminium
oxide. Its solutions are acidic because of
hydrolysis.

Aluminium sulphate is commercially
one of the most important aluminium
compounds; it is used in sewage treat-
ment (as a flocculating agent) and in the
purification of drinking water, the paper
industry, and in the preparation of mor-
dants. It is also a fire-proofing agent. Alu-
minium sulphate is often wrongly called
alum in these industries.

aluminium trimethyl See TRIMETHYL-
ALUMINIUM.

aluminosilicate The chief rock-forming
mineral in, for example, some clays,
feldspar, mica, and zeolite. Aluminosili-
cates are also key constituents of china,
glass, and cement. Most have a tetrahe-
dral silicate structure with aluminium
atoms replacing some of the silicon.

alums A group of double salts with the
formula A,SO,.B,(SO,4);.24H,0, where A is
a monovalent metal and B a trivalent
metal. The original example contains
potassium and aluminium (called potash
alum or simply alum); its formula is often
written AlK(SO,4),.12H,0 (aluminium
potassium sulphate-12-water). Ammonium
alum is AINH,4(SO,),.12H,0, chrome alum
is KCr(SO,),.12H,0 (see POTASSITUM
CHROMIUM SULPHATE), etc. The alums are
isomorphous and can be made by dissolv-
ing equivalent amounts of the two salts in
water and recrystallizing. See also ALU-
MINIUM SULPHATE.

alunogenite A mineral form of hy-
drated *aluminium sulphate,
ALL(SO,).18H,0.

Alvarez, Luis Walter (1911-88) US
physicist most of whose working life was
spent at the University of California,
Berkeley. After working on radar and the
atomic bomb during World War II, he
concentrated on particle physics. In 1959
he built the first large *bubble chamber
and developed the technique for using it
to study charged particles, for which he
was awarded the 1968 Nobel Prize for
physics.

Alvarez event The collision of a giant

meteorite with the earth 65 million years
ago that caused catastrophic changes to
the earth’s climate and environment and
a *mass extinction of species, including
the dinosaurs. This hypothesis was ad-
vanced in 1980 by Luis Walter *Alvarez
and his geologist son Walter Jr, based on
the unusually high concentration of the
element iridium in a thin layer of clay de-
posited at the end of the Cretaceous (see
IRIDIUM ANOMALY). This clay marks the
boundary between the Cretaceous period
and the more recent Tertiary (the so-
called K-T boundary). Subsequently, geol-
ogists discovered a possible impact crater,
roughly 160 km in diameter, along the
coast of eastern Mexico, and other evi-
dence has tended to support the hypothe-
sis. Such a collision would have produced
a massive tidal wave and fireball and sent
a vast cloud of rock and other debris into
the atmosphere. The resulting upheaval
in the climate is estimated to have caused
the extinction of some 75% of all species.

alveolus 1. The tiny air sac in the *lung
of mammals and reptiles at the end of
each *bronchiole. It is lined by a delicate
moist membrane, has many blood capil-
laries, and is the site of exchange of respi-
ratory gases (carbon dioxide and oxygen).
2. The socket in the jawbone in which a
tooth is rooted by means of the *perio-
dontal membrane.

Alzheimer’s disease A neurological
disease characterized by progressive loss
of intellectual ability. The disease, which
is named after German physician Alois
Alzheimer (1864-1915), is associated with
general shrinkage of the brain tissue -
with deposits of B-amyloid peptide (a gly-
coprotein) and abnormal filaments of tau
protein associated with *microtubules -
and changes in the neurotransmitter sys-
tems within the brain that include a loss
in the activity of *cholinergic neurons.

AM (amplitude modulation) See MODULA-
TION.

amalgam An alloy of mercury with one
or more other metals. Most metals form
amalgams (iron and platinum are excep-
tions), which may be liquid or solid. Some
contain definite intermetallic compounds,
such as NaHg,.
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amatol A high explosive consisting of a
mixture of ammonium nitrate and trini-
trotoluene.

amber A yellow or reddish-brown fossil
resin. The resin was exuded by certain
trees and other plants and often contains
preserved insects, flowers, or leaves that
were trapped by its sticky surface before
the resin hardened. Amber is used for
jewellery and ornaments. It also has the
property of acquiring an electrical charge
when rubbed (the term electricity is de-
rived from electron, the Greek name for
amber). It occurs throughout the world in
rock strata from the Cretaceous to the
Pleistocene, but most commonly in Creta-
ceous and Tertiary rocks.

ambidentate Describing a ligand that
can coordinate at two different sites. For
example, the NO, molecule can coordi-
nate through the N atom (the nitro ligand)
or through an O atom (the nitrido ligand).
Complexes that differ only in the way the
ligand coordinates display linkage iso-
merism.

ambient Denoting the immediate sur-
roundings or environment. Ambient light
is light generated by outside sources, such
as the sun, in relation to the environment
of a specific optical system. Ambient noise
is the background noise in relation to a
particular sound, such as music. Ambient
pressure and ambient temperature are the
pressure and temperature of the sur-
roundings, e.g. of the atmosphere, in rela-
tion to a specific object or system.

americium Symbol Am. A radioactive
metallic transuranic element belonging to
the *actinoids; a.n. 95; mass number of
most stable isotope 243 (half-life 7.95 x
103 years); r.d. 13.67 (20°C); m.p. 994 +
4°C; b.p. 2607°C. Ten isotopes are known.
The element was discovered by G. T.
Seaborg and associates in 1945, who ob-
tained it by bombarding uranium-238
with alpha particles.

Ames test (Salmonella mutagenesis test)
A test to determine the effects of a chemi-
cal on the rate of mutation in bacterial
cells, and hence its likely potential for
causing cancer in other organisms, includ-
ing humans. Devised by US biologist
Bruce Ames (1928-), it is widely used in

screening chemicals occurring in the envi-
ronment for possible carcinogenic activ-
ity. The chemical is applied to plates
inoculated with a special mutant strain of
bacteria, usually Salmonella typhimurium,
and cells that mutate back to the wild
type are detected by the occurrence of
colonies able to grow on the medium.

amethyst The purple variety of the
mineral *quartz. It is found chiefly in
Brazil, the Urals (Russia), Arizona (USA),
and Uruguay. The colour is due to impuri-
ties, especially iron oxide. It is used as a
gemstone.

amides 1. Organic compounds contain-
ing the group -CO.NH, (the amide group).
Compounds containing this group are pri-
mary amides. Secondary and tertiary
amides can also exist, in which the hydro-
gen atoms on the nitrogen are replaced by
one or two other organic groups respec-
tively. Simple examples of primary
amides are ethanamide, CH;CONH,, and
propanamide, C,H;CONH,. They are made
by heating the ammonium salt of the cor-
responding carboxylic acid. Amides can
also be made by reaction of ammonia (or
an amine) with an acyl halide. See also HOF-
MANN’S REACTION. 2. Inorganic com-
pounds containing the ion NH,", e.g.
KNH,. They are formed by the reaction of
ammonia with electropositive metals.

r - - — -

1 o 1 amide grou
R C/ |/ group

| \N—Hl

I | I

| H |

Amide structure

amination A chemical reaction in
which an amino group (-NH,) is intro-
duced into a molecule. Examples of ami-
nation reaction include the reaction of
halogenated hydrocarbons with ammonia
(high pressure and temperature) and the
reduction of nitro compounds and ni-
triles.

amines Organic compounds derived by
replacing one or more of the hydrogen
atoms in ammonia by organic groups (see
illustration). Primary amines have one hy-
drogen replaced, e.g. methylamine,
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H line hydrochloride with the formula
,L CHsNH,.HCL
H” \H Salts formed by amines are crystalline
ammonia substances that are readily soluble in
water. Many insoluble *alkaloids (e.g. qui-
N\ nine and atropine) are used medicinally in
</ H\ \/amino group the form of soluble salts (‘hydrochlo-
\ ,I\‘ 9 rides’). If alkali (sodium hydroxide) is
CH \;( NH Y added to solutions of such salts the free
3N 7 amine is liberated.

\-
primary (methylamine)
CH,
/7N
NS
SRR
CH, \\H/I

imino group

secondary amine (dimethylamine)

N
7\
cH,” “cH,

tertiary amine (trimethylamine)

Examples of amines

CH;NH,. They contain the functional
group -NH, (the amino group). Secondary
amines have two hydrogens replaced, e.g.
methylethylamine, CH;(C,Hs)NH. Tertiary
amines have all three hydrogens replaced,
e.g. trimethylamine, (CH;);N. Amines are
produced by the decomposition of organic
matter. They can be made by reducing
nitro compounds or amides. See also
IMINES.

amine salts Salts similar to ammonium
salts in which the hydrogen atoms at-
tached to the nitrogen are replaced by
one or more organic groups. Amines read-
ily form salts by reaction with acids, gain-
ing a proton to form a positive
ammonium ion, They are named as if
they were substituted derivatives of am-
monium compounds; for example,
dimethylamine ((CH;),NH) will react with
hydrogen chloride to give dimethylammo-
nium chloride, which is an ionic com-
pound [(CH;),NH,|"Cl". When the amine
has a common nonsystematic name the
suffix -ium can be used; for example,
phenylamine (aniline) would give
[CeHsNH;|*Cl, known as anilinium chlo-
ride. Formerly, such compounds were
sometimes called hydrochlorides, e.g. ani-

If all four hydrogen atoms of an ammo-
nium salt are replaced by organic groups
a quaternary ammonium compound is
formed. Such compounds are made by re-
acting tertiary amines with halogen com-
pounds; for example, trimethylamine
((CH3);3N) with chloromethane (CH;Cl)
gives tetramethylammonium chloride,
(CH;),N*CI". Salts of this type do not liber-
ate the free amine when alkali is added,
and quaternary hydroxides (such as
(CH3),N*OH") can be isolated. Such com-
pounds are strong alkalis, comparable to
sodium hydroxide.

amino acid Any of a group of water-
soluble organic compounds that possess
both a carboxyl (-COOH) and an amino
(-NH,) group attached to the same carbon
atom, called the a-carbon atom. Amino
acids can be represented by the general
formula R-CH(NH,)COOH. R may be hy-
drogen or an organic group and deter-
mines the properties of any particular
amino acid. Through the formation of
peptide bonds, amino acids join together
to form short chains (*peptides) or much
longer chains (*polypeptides). Proteins are
composed of various proportions of about
20 commonly occurring amino acids (see
table). The sequence of these amino acids
in the protein polypeptides determines
the shape, properties, and hence biologi-
cal role of the protein. Some amino acids
that never occur in proteins are neverthe-
less important, e.g. *ornithine and cit-
rulline, which are intermediates in the
urea cycle.

Plants and many microorganisms can
synthesize amino acids from simple inor-
ganic compounds, but animals rely on
adequate supplies in their diet. The *es-
sential amino acids must be present in the
diet whereas others can be manufactured
from them.

aminobenzene Se¢ PHENYLAMINE.
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amino acid abbreviation formula
|
alanine Ala CH; — (|3 — COOH
NH2
I
*arginine Arg H,N— C—NH— CH,— CH,— CHZ—C—COOH
I |
NH NH
2
|
asparagine Asn HZN_ﬁ:_CHz_(I:_COOH
o NH2
|
aspartic acid Asp HOOC—CHZ—?—COOH
NH2
)
cysteine Cys HS—CHZ—(IZ—COOH
NH
o
glutamic acid Glu HOOC— CH,— CHZ—CI—COOH
NH2
H
H N |
glutamine GIn O4C—CH2— CHZ—CI—COOH
NHZ
|
glycine Gly H—?—COOH
NH2
|
*histidine His HC=C —CHZ—C—COOH
[ |
N\ /NH NH2
\
[
H H
|
*isoleucine lle CH3— CHZ—CH—C—COOH
| |
CH3 NH2
|
H,C
*leucine Leu 3 \CH—CHZ—C—COOH
HyC~ |
NH
2
i
*lysine Lys HZN_CHz_ CH,— CH,— CH,— CI —COOH

NH,
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ammeter

*methionine Met
*phenylalanine Phe
proline Pro
serine Ser
*threonine Thr
*tryptophan Trp
*tyrosine Tyr
*valine Val

|
CH; —8 — CH,— CH,— (I: — COOH

NH,
|
©>—CH2—(I:—000H
NH,
H
H,C—CH, » _ SC—CH
Ll on7| [
H,G FH— coon H,G CH— COOH
N /
N N
H

4-hydroxyproline
H

|
HO— CHZ—(IJ— COOH

NH,

)
CH;— CH—C— COOH

OH NH,
i
@ﬁ —CHz—IC— COOH
N~ CH NH,
H
i
HO—@— CHZ—(I:— COOH
NH,
i
H,C
3" CH—C— COOH
H.c” |

3
NH

*an essential amino acid

The amino acids occurring in proteins

amino group See AMINES.

aminopeptidase Any enzyme that
cleaves amino acids from the N-terminus
of peptides or polypeptides. For example,
membrane-bound aminopeptidases in the
small intestine break down peptides and
dipeptides into amino acids.

amino sugar Any sugar containing an
amino group in place of a hydroxyl group.
The hexosamines are amino derivatives of

hexose sugars and include glucosamine
(based on glucose) and galactosamine
(based on galactose). The former is a con-
stituent of *chitin and the latter occurs in
cartilage.

o-aminotoluene See BENZYLAMINE.

ammeter An instrument that measures
electric current. The main types are the
moving-coil ammeter, the moving-iron
ammeter, and the thermoammeter. The
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moving-coil instrument is a moving-coil
*galvanometer fitted with a *shunt to re-
duce its sensitivity. It can only be used for
d.c., but can be adapted for a.c. by using a
*rectifier. In moving-iron instruments, a
piece of soft iron moves in the magnetic
field created when the current to be meas-
ured flows through a fixed coil. They can
be used with a.c. or d.c. but are less accu-
rate (though more robust) than the mov-
ing-coil instruments. In thermoammeters,
which can also be used with a.c. or d.c.,
the current is passed through a resistor,
which heats up as the current passes. This
is in contact with a thermocouple, which
is connected to a galvanometer. This indi-
rect system is mainly used for measuring
high frequency a.c. In the hot-wire instru-
ment the wire is clamped at its ends and
its elongation as it is heated causes a
pointer to move over a scale.

ammine A coordination *complex in
which the ligands are ammonia mol-
ecules. An example of an ammine is the
tetraamminecopper(Il) ion [Cu(NH;),]**.

ammonia A colourless gas, NH;, with a
strong pungent odour; r.d. 0.59 (relative to
air); m.p. -77.7°C; b.p. -33.35°C. It is very
soluble in water and soluble in alcohol.
The compound may be prepared in the
laboratory by reacting ammonium salts
with bases such as calcium hydroxide, or
by the hydrolysis of a nitride. Industrially
it is made by the *Haber process and over
80 million tonnes per year are used either
directly or in combination. Major uses are
the manufacture of nitric acid, ammo-
nium nitrate, ammonium phosphate, and
urea (the last three as fertilizers), explo-
sives, dyestuffs, and resins.

Liquid ammonia has some similarity to
water as it is hydrogen bonded and has a
moderate dielectric constant, which per-
mits it to act as an ionizing solvent. It is
weakly self-ionized to give ammonium
ions, NH,* and amide ions, NH,". It also
dissolves electropositive metals to give
blue solutions, which are believed to con-
tain solvated electrons. Ammonia is ex-
tremely soluble in water giving basic
solutions that contain solvated NH; mol-
ecules and small amounts of the ions
NH," and OH". The combustion of ammo-
nia in air yields nitrogen and water. In the
presence of catalysts NO, NO,, and water

are formed; this last reaction is the basis
for the industrial production of nitric

acid. Ammonia is a good proton acceptor
(i.e. it is a base) and gives rise to a series of
ammonium salts, e.g. NH; + HCl — NH," +
CI". It is also a reducing agent.

The participation of ammonia in the
*nitrogen cycle is a most important natu-
ral process. Nitrogen-fixing bacteria are
able to achieve similar reactions to those
of the Haber process, but under normal
conditions of temperature and pressure.
These release ammonium ions, which are
converted by nitrifying bacteria into ni-
trite and nitrate ions.

ammoniacal Describing a solution in
which the solvent is aqueous ammonia.

ammonia clock A form of atomic clock
in which the frequency of a quartz oscilla-
tor is controlled by the vibrations of ex-
cited ammonia molecules (see EXCITATION).
The ammonia molecule (NH;) consists of a
pyramid with a nitrogen atom at the apex
and one hydrogen atom at each corner of
the triangular base. When the molecule is
excited, once every 20.9 microseconds the
nitrogen atom passes through the base
and forms a pyramid the other side: 20.9
microseconds later it returns to its origi-
nal position. This vibration back and forth
has a frequency of 23 870 hertz and am-
monia gas will only absorb excitation en-
ergy at exactly this frequency. By using a
*crystal oscillator to feed energy to the
gas and a suitable feedback mechanism,
the oscillator can be locked to exactly this
frequency.

ammonia-soda process See SOLVAY
PROCESS.

ammonite An extinct aquatic mollusc
of the class *Cephalopoda. Ammonites
were abundant in the Mesozoic era
(225-65 million years ago) and are com-
monly found as fossils in rock strata of
that time, being used as *index fossils for
the Jurassic period. They were character-
ized by a coiled shell divided into many
chambers, which acted as a buoyancy aid.
The external suture lines on these shells
increased in complexity with the advance
of the group.

ammonium alum See ALUMS.

ammonium carbonate A colourless or
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white crystalline solid, (NH,),CO3, usually
encountered as the monohydrate. It is
very soluble in cold water. The compound
decomposes slowly to give ammonia,
water, and carbon dioxide. Commercial
‘ammonium carbonate’ is a double salt of
ammonium hydrogencarbonate and am-
monium aminomethanoate (carbamate),
NH,HCO;.NH,COONH,. This material is
manufactured by heating a mixture of
ammonium chloride and calcium carbon-
ate and recovering the product as a sub-
limed solid. It readily releases ammonia
and is the basis of sal volatile. It is also
used in dyeing and wool preparation and
in baking powders.

ammonium chloride (sal ammoniac) A
white or colourless cubic solid, NH,CI; r.d.
1.53; sublimes at 340°C. It is very soluble
in water and slightly soluble in ethanol
but insoluble in ether. It may be prepared
by fractional crystallization from a solu-
tion containing ammonium sulphate and
sodium chloride or ammonium carbonate
and calcium chloride. Pure samples may
be made directly by the gas-phase reac-
tion of ammonia and hydrogen chloride.
Because of its ease of preparation it can be
manufactured industrially alongside any
plant that uses or produces ammonia. The
compound is used in dry cells, metal
finishing, and in the preparation of cotton
for dyeing and printing.

ammonium ion The monovalent cation
NH,*. It may be regarded as the product of
the reaction of ammonia (a Lewis base)
with a hydrogen ion. The ion has tetrahe-
dral symmetry. The chemical properties
of ammonium salts are frequently very
similar to those of equivalent alkali-metal
salts.

ammonium nitrate A colourless crys-
talline solid, NH,NO;; r.d. 1.72; m.p.
169.6°C; b.p. 210°C. It is very soluble in
water and soluble in ethanol. The crystals
are rhombic when obtained below 32°C
and monoclinic above 32°C. It may be
readily prepared in the laboratory by the
reaction of nitric acid with aqueous am-
monia. Industrially, it is manufactured by
the same reaction using ammonia gas.
Vast quantities of ammonium nitrate are
used as fertilizers (over 20 million tonnes

per year) and it is also a component of
some explosives.

ammonium sulphate A white rhom-
bic solid, (NH,),SO,; r.d. 1.77; decomposes
at 235°C. It is very soluble in water and in-
soluble in ethanol. It occurs naturally as
the mineral mascagnite. Ammonium sul-
phate was formerly manufactured from
the ‘ammoniacal liquors’ produced during
coal-gas manufacture but is now produced
by the direct reaction between ammonia
gas and sulphuric acid. It is decomposed
by heating to release ammonia (and am-
monium hydrogensulphate) and eventu-
ally water, sulphur dioxide, and ammonia.
Vast quantities of ammonium sulphate
are used as fertilizers.

amniocentesis The taking of a sample
of amniotic fluid from a pregnant woman
to determine the condition of an unborn
baby. A hollow needle is inserted through
the woman’s abdomen and wall of the
uterus and the fluid drawn off. Chemical
and microscopical examination of cells
shed from the embryo’s skin into the fluid
are used to detect spina bifida, *Down’s
syndrome, or other serious biochemical or
chromosomal abnormalities.

amnion A membrane that encloses the
embryo of reptiles, birds, and mammals
within the amniotic cavity. This cavity is
filled with amniotic fluid, in which the
embryo is protected from desiccation and
from external pressure. See also EXTRA-
EMBRYONIC MEMBRANES.

amniote A vertebrate whose embryos
are totally enclosed in a fluid-filled sac -
the *amnion. The evolution of the am-
nion provided the necessary fluid environ-
ment for the developing embryo and
therefore allowed animals to breed away
from water. Amniotes comprise the rep-
tiles, birds, and mammals. Compare ANAM-
NIOTE.

Amoeba A genus of protoctists (see also
PROTOZOA) of the phylum Rhizopoda,
members of which have temporary body
projections called *pseudopodia. These
are used for locomotion and feeding and
result in a constantly changing body
shape (see AMOEBOID MOVEMENT). Most
species are free-living in soil, mud, or
water, where they feed on smaller protoc-
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tists and other single-celled organisms,
but a few are parasitic. The best known
species is the much studied A. proteus.

amoebocyte An animal cell whose loca-
tion is not fixed and is therefore able to
wander through the body tissues. Amoe-
bocytes are named after their resem-
blance, especially in their movement, to
Amoeba (see AMOEBOID MOVEMENT) and
they feed on foreign particles (including
invading bacteria). They occur, for exam-
ple, in sponges and mammalian blood
(e.g. some *leucocytes).

amoeboid movement The mecha-
nism of movement demonstrated by
*Amoeba and other cells that are capable
of changing their shape (e.g. *phagocytes).
The cytoplasm of Amoeba consists of a cen-
tral fluid endoplasm surrounded by a
more viscous ectoplasm. The fluid endo-
plasm slides towards the front of the cell,
forming a *pseudopodium and propelling
the cell forward. On reaching the tip of
the pseudopodium, the endoplasm is con-
verted into ectoplasm; at the same time
the ectoplasm at the rear of the cell is
converted into endoplasm and streams
forward, thus maintaining continuous
movement.

amorphous Describing a solid that is
not crystalline; i.e. one that has no long-
range order in its lattice. Many powders
that are described as ‘amorphous’ in fact
are composed of microscopic crystals, as
can be demonstrated by X-ray diffraction.
*Glasses are examples of true amorphous
solids.

amount concentration See CONCEN-
TRATION.

amount of substance Symbol n. A
measure of the number of entities present
in a substance. The specified entity may
be an atom, molecule, ion, electron, pho-
ton, etc., or any specified group of such
entities. The amount of substance of an el-
ement, for example, is proportional to the
number of atoms present. For all entities,
the constant of proportionality is the
*Avogadro constant. The SI unit of
amount of substance is the *mole.

AMP See ATP; CYCLIC AMP.

ampere Symbol A. The SI unit of electric

current. The constant current that, main-
tained in two straight parallel infinite con-
ductors of negligible cross section placed
one metre apart in a vacuum, would pro-
duce a force between the conductors of
2 x 1077 N m™.. This definition replaced
the earlier international ampere defined
as the current required to deposit

0.001 118 00 gram of silver from a solu-
tion of silver nitrate in one second. The
unit is named after A. M. Ampere.

Ampére, André Marie (1775-1836)
French physicist who from 1809 taught at
the Ecole Polytechnique in Paris. He is
best known for putting electromagnetism
(which he called ‘electrodynamics’) on a
mathematical basis. In 1825 he formu-
lated *Ampere’s law. The *ampere is
named after him.

ampere-hour A practical unit of elec-
tric charge equal to the charge flowing in
one hour through a conductor passing
one ampere. It is equal to 3600 coulombs.

Ampére’s law A law of the form
dB = (u, I sin 0 dl)/4nr?,

where dB is the infinitesimal element of
the magnitude of the magnetic flux den-
sity at a distance r at a point P from the el-
ement length dl of a conductor, y, is the
magnetic *permeability of free space, I is
the current flowing through the conduc-
tor, and 6 is the angle between the direc-
tion of the current and the line joining
the element of the conductor and P. It is
also called the Ampeére-Laplace law after
the French mathematician Pierre-Simon
de Laplace (1749-1827).

Ampére’s rule A rule that relates the
direction of the electric current passing
through a conductor and the magnetic
field associated with it. The rule states
that if the electric current is moving away
from an observer, the direction of the
lines of force of the magnetic field sur-
rounding the conductor is clockwise and
that if the electric current is moving to-
wards an observer, the direction of the
lines of force is counter-clockwise. An
equivalent statement to Ampére’s rule is
known as the corkscrew rule. A
corkscrew, or screwdriver, is said to be
right-handed if turning the corkscrew in a
clockwise direction drives the screw into
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the object (such as the cork of a bottle).
The corkscrew rule states that a right-
handed corkscrew is analogous to an elec-
tric current and its magnetic field with
the direction of the screw being analo-
gous to electric current; the direction in
which the corkscrew is being turned is
analogous to the direction of lines of force
of the field.

ampere-turn The SI unit of *magneto-
motive force equal to the magnetomotive
force produced when a current of one am-
pere flows through one turn of a magne-
tizing coil.

amphetamine A drug, 1-phenyl-2-
aminopropane (or a derivative of this
compound), that stimulates the central
nervous system by causing the release of
the transmitters noradrenaline and
dopamine from nerve endings. It inhibits
sleep, suppresses the appetite, and has
variable effects on mood; prolonged use
can lead to addiction.

Amphibia The class of vertebrate chor-
dates (see CHORDATA) that contains the
frogs, toads, newts, and salamanders. The
amphibians evolved in the Devonian pe-
riod (about 370 million years ago) as the
first vertebrates to occupy the land, and
many of their characteristics are adapta-
tions to terrestrial life. All adult amphib-
ians have a passage linking the roof of the
mouth with the nostrils so they may
breathe air and keep the mouth closed.
The moist scaleless skin is used to supple-
ment the lungs in gas exchange. They
have no diaphragm, and therefore the
muscles of the mouth and pharynx pro-
vide the pumping action for breathing.
Fertilization is usually external and the
eggs are soft and prone to desiccation,
therefore reproduction commonly occurs
in water. Amphibian larvae are aquatic,
having gills for respiration; they undergo
metamorphosis to the adult form.

amphiboles A large group of rock-
forming metasilicate minerals. They have
a structure of silicate tetrahedra linked to
form double endless chains, in contrast to
the single chains of the *pyroxenes, to
which they are closely related. They are
present in many igneous and metamor-
phic rocks. The amphiboles show a wide
range of compositional variation but all of

them conform to the general formula:
X5_3Y5Z30,,(0OH),, where X = Ca, Na, K,
Mg, or Fe?*; Y = Mg, Fe?*, Fe®*, Al, Ti, or
Mn; and Z = Si or Al. The hydroxyl ions
may be replaced by F, Cl, or O. Most am-
phiboles are monoclinic, including:
cummingtonite,

(Mg, Fe®*),(Sig00,)(OH),;
tremolite,

Ca;Mgs(Siz0,,)(OH,F),;
actinolite,

Cay(Mg,Fe*")5(Sis0,,)(OH,F)y;
*hornblende,

NaCa,(Mg,Fe?",Fe®*,Al)5((Si,Al)g0,,)
(OH,F),;

edenite,
NaCay(Mg,Fe?*)5(Si;AlO,,)(OH,F),;

riebeckite,
Na,,Fe;**(SigOy;)(OH,F),.

The minerals anthophyllite,
(Mg.Fe?*);(Sig02,)(OH,F),,

and gedrite,
(Mg, Fe?*)5A1(Si,Al)30,,)(OH.F),,

are orthorhombic amphiboles.

amphimixis True sexual reproduction,
involving the fusion of male and female
gametes and the formation of a zygote.
Compare APOMIXIS.

amphioxus Another name for the
lancelet: see CHORDATA.

amphiprotic See AMPHOTERIC; SOLVENT.

ampholyte A substance that can act as

either an acid, in the presence of a strong
base, or a base, when in the presence of a
strong acid.

ampholyte ion See ZWITTERION.

amphoteric Describing a compound
that can act as both an acid and a base (in
the traditional sense of the term). For in-
stance, aluminium hydroxide is ampho-
teric: as a base Al(OH); it reacts with acids
to form aluminium salts; as an acid
H,AlO; it reacts with alkalis to give *alu-
minates. Oxides of metals are typically
basic and oxides of nonmetals tend to be



amplifier

40

acidic. The existence of amphoteric oxides
is sometimes regarded as evidence that an
element is a *metalloid. Compounds such
as the amino acids, which contain both
acidic and basic groups in their molecules,
can also be described as amphoteric. Sol-
vents, such as water, that can both donate
and accept protons are usually described
as amphiprotic (see SOLVENT).

amplifier A device that increases the
strength of an electrical signal by drawing
energy from a separate source to that of
the signal. The original device used in
electronic amplifiers was the *triode
valve, in which the cathode-anode cur-
rent is varied in accordance with the low-
voltage signal applied to the valve’s
control grid. In the more recent *transis-
tor, the emitter-collector current is con-
trolled in much the same way by the
signal applied to the transistor’s base re-
gion. In the most modern devices the
complete amplifier circuit is manufac-
tured as a single *integrated circuit. The
ratio of the output amplitude (of p.d. or
current) of an amplifier (or stage of an am-
plifier) to the corresponding input ampli-
tude is called the gain of the amplifier.

amplitude See WAVE.

amplitude modulation (AM) See MoD-
ULATION; RADIO.

ampulla 1. An enlargement at one end
of each of the *semicircular canals of the
inner ear. Each ampulla contains a group
of receptors - sensory hair cells - embed-
ded in a gelatinous cap (cupula), which de-
tects movement in one particular
dimension, corresponding to the plane of
the canal. Movement of the head causes
the cupula (and the hairs within it) to
bend in a direction opposite to that of the
head movement; this stimulates nerve im-
pulses in the receptors, which are inter-
preted by the brain as movement in a
particular dimension. 2. Any small vesi-
cle or saclike process.

a.m.u. See ATOMIC MASS UNIT.

amylase Any of a group of closely re-
lated enzymes that degrade starch, glyco-
gen, and other polysaccharides. Plants
contain both o- and B-amylases; the name
diastase is given to the component of
malt containing B-amylase, important in

the brewing industry. Animals possess
only o-amylases, found in pancreatic juice
(as pancreatic amylase) and also (in hu-
mans and some other species) in saliva (as
salivary amylase or ptyalin). Amylases
cleave the long polysaccharide chains,
producing a mixture of glucose and mal-
tose.

amyl group Formerly, any of several
isomeric groups with the formula CsH;;-.

amylopectin A *polysaccharide com-
prising highly branched chains of glucose
molecules. It is one of the constituents
(the other being amylose) of *starch.

amylose A *polysaccharide consisting
of linear chains of between 100 and 1000
linked glucose molecules. Amylose is a
constituent of *starch. In water, amylose
reacts with iodine to give a characteristic
blue colour.

anabolic steroid Any steroid com-
pound that promotes tissue growth, espe-
cially of muscles. Naturally occurring
anabolic steroids include the male sex
hormones (*androgens). Synthetic forms
of these are used medically to help weight
gain after debilitating diseases; their use
by athletes to build up body muscles can
cause liver damage and is banned by most
athletic authorities.

anabolism The metabolic synthesis of
proteins, fats, and other constituents of
living organisms from molecules or sim-
ple precursors. This process requires en-
ergy in the form of ATP. Drugs that
promote such metabolic activity are de-
scribed as anabolic (see ANABOLIC STEROID).
See METABOLISM. Compare CATABOLISM.

anaerobe See ANAEROBIC RESPIRATION.

anaerobic respiration A type of *res-
piration in which foodstuffs (usually car-
bohydrates) are partially oxidized, with
the release of chemical energy, in a pro-
cess not involving atmospheric oxygen.
Since the substrate is never completely
oxidized the energy yield of this type of
respiration is lower than that of *aerobic
respiration. It occurs in some yeasts and
bacteria and in muscle tissue when oxy-
gen is absent (see OXYGEN DEBT). Obligate
anaerobes are organisms that cannot use
free oxygen for respiration; facultative
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anaerobes are normally aerobic but can
respire anaerobically during periods of
oxygen shortage. Alcoholic *fermentation
is a type of anaerobic respiration in which
one of the end products is ethanol.

Analar reagent A chemical reagent of
high purity with known contaminants for
use in chemical analyses.

analgesic A substance that reduces pain
without causing unconsciousness, either
by reducing the pain threshold or by in-
creasing pain tolerance. There are several
categories of analgesic drugs, including
morphine and its derivatives (see OPIATE),
which produce analgesia by acting on the
central nervous system; nonsteroidal anti-
inflammatory drugs (e.g. *aspirin); and
local anaesthetics.

analogous Describing features of unre-
lated organisms that are superficially simi-
lar but have evolved in very different
ways. The wings of butterflies and birds
are analogous organs.

analyser A device, used in the *polariza-
tion of light, that is placed in the eyepiece
of a *polarimeter to observe plane-
polarized light. The analyser, which may
be a *Nicol prism or *Polaroid, can be ori-
ented in different directions to investigate
in which plane an incoming wave is polar-
ized or if the light is plane polarized. If
there is one direction from which light
does not emerge from the analyser when
it is rotated, the incoming wave is plane
polarized. If the analyser is horizontal
when extinction of light takes place, the
polarization of light must have been in
the vertical plane. The intensity of a beam
of light transmitted through an analyser
is proportional to cos?0, where  is the
angle between the plane of polarization
and the plane of the analyser. Extinction
is said to be produced by ‘crossing’ the
*polarizer and analyser.

analysis The determination of the com-
ponents in a chemical sample. Qualitative
analysis involves determining the nature
of a pure unknown compound or the
compounds present in a mixture. Various
chemical tests exist for different elements
or types of compound, and systematic an-
alytical procedures can be used for mix-
tures. Quantitative analysis involves

measuring the proportions of known
components in a mixture. Chemical tech-
niques for this fall into two main classes:
*volumetric analysis and *gravimetric
analysis. In addition, there are numerous
physical methods of qualitative and quan-
titative analysis, including spectroscopic
techniques, mass spectrometry, polarogra-
phy, chromatography, activation analysis,
etc.

analytical geometry (coordinate geom-
etry) A form of geometry in which points
are located in a two-dimensional, three-
dimensional, or higher-dimensional space
by means of a system of coordinates.
Curves are represented by an equation for
a set of such points. The geometry of
figures can thus be analysed by algebraic
methods. See CARTESIAN COORDINATES;
POLAR COORDINATES.

anamniote A vertebrate that lacks an
*amnion and whose embryos and larvae
must therefore develop in water. Anam-
niotes comprise the agnathans, fishes, and
amphibians. Compare AMNIOTE.

anaphase One of several stages of cell
division. In *mitosis the chromatids of
each chromosome move apart to opposite
ends of the spindle. In the first anaphase
of *meiosis, the paired homologous chro-
mosomes separate and move to opposite
ends; in the second anaphase the chro-
matids move apart, as in mitosis.

anaphylaxis An abnormal *immune re-
sponse that occurs when an individual
previously exposed to a particular *anti-
gen is re-exposed to the same antigen.
Anaphylaxis may follow an insect bite or
the injection of a drug (such as penicillin).
It is caused by the release of *histamine
and similar substances and may produce a
localized reaction or a more generalized
and severe one, with difficulty in breath-
ing, pallor, or drop in blood pressure, un-
consciousness, and possibly heart failure
and death. See also ALLERGY.

anastigmatic lens 1. An objective lens
for an optical instrument in which all
*aberrations, including *astigmatism, are
reduced greatly. 2. A spectacle lens de-
signed to correct astigmatism. It has dif-
ferent radii of curvature in the vertical
and horizontal planes.
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anatomy The study of the structure of
living organisms, especially of their inter-
nal parts by means of dissection and
microscopical examination. Compare MOR-
PHOLOGY.

anchor ring See TORUS.
AND circuit See LOGIC CIRCUITS.

Anderson, Carl David (1905-91) US
physicist who became a professor at the
California Institute of Technology, where
he worked mainly in particle physics. In
1937 he discovered the *positron in *cos-
mic radiation, and four years later was
awarded the Nobel Prize. In 1939 he dis-
covered the mu-meson (muon).

androecium The male sex organs (*sta-
mens) of a flower. Compare GYNOECIUM.

androgen One of a group of male sex
hormones that stimulate development of
the testes and of male *secondary sexual
characteristics (such as growth of facial
and pubic hair in men). Testosterone is
the most important. Androgens are pro-
duced principally by the testes when stim-
ulated with *luteinizing hormone but
they are also secreted in smaller amounts
by the adrenal glands and the ovaries. In-
jections of natural or synthetic androgens
are used to treat hormonal disorders of
the testes and breast cancer and to build
up body tissue (see ANABOLIC STEROID).

anechoic Having a low degree of rever-
beration with little or no reflection of
sound. An anechoic chamber is one de-
signed for experiments in acoustics. The
walls are covered with small pyramids to
avoid the formation of stationary waves
between facing surfaces and the whole of
the interior surface is covered with an ab-
sorbent material to avoid reflections.

anemometer An instrument for meas-
uring the speed of the wind or any other
flowing fluid. The simple vane anemom-
eter consists of a number of cups or
blades attached to a central spindle so
that the air, or other fluid, causes the
spindle to rotate. The instrument is cali-
brated to give a wind speed directly from
a dial. It can be mounted to rotate about a
vertical axis and in this form it also gives
an indication of the direction of the wind.
A hot-wire anemometer consists of an

electrically heated wire that is cooled by
the flow of fluid passing round it. The
faster the flow the lower the temperature
of the wire and the lower its resistance.
Thus the rate of flow can be calculated by
measuring the resistance of the wire.

anemophily Pollination of a flower in
which the pollen is carried by the wind.
Examples of anemophilous flowers are
those of grasses and conifers. Compare
ENTOMOPHILY; HYDROPHILY.

aneroid barometer See BAROMETER.
angiosperms Se¢ ANTHOPHYTA.

angiotensin Any of three related pep-
tide hormones. Angiotensin I is derived,
by the action of the enzyme *renin, from
a protein (o-globulin) secreted by the liver
into the bloodstream. As blood passes
through the lungs, another enzyme (an-
giotensin-converting enzyme; ACE) splits
angiotensin I, forming angiotensin II. This
causes constriction of blood vessels and
stimulates the release of *antidiuretic
hormone and *aldosterone, which in-
crease blood pressure. Angiotensin III,
formed by removal of a single amino acid
from angiotensin II, also stimulates aldos-
terone release by the adrenal gland.

angle modulation See MODULATION.

angle of incidence 1. The angle be-
tween a ray falling on a surface and the
perpendicular (normal) to the surface at
the point at which the ray strikes the sur-
face. 2. The angle between a wavefront
and a surface that it strikes.

angle of reflection 1. The angle be-
tween a ray leaving a reflecting surface
and the perpendicular (normal) to the sur-
face at the point at which the ray leaves
the surface. 2. The angle between a wave-
front and a surface that it leaves.

angle of refraction 1. The angle be-
tween a ray that is refracted at a surface
between two different media and the per-
pendicular (normal) to the surface at the
point of refraction. 2. The angle between
a wavefront and a surface at which it has
been refracted.

angle-resolved photoelectron spec-
troscopy (ARPES) A technique for study-
ing the composition and structure of
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surfaces by measuring both the kinetic
energy and angular distribution of photo-
electrons ejected from a surface by elec-
tromagnetic radiation. See also
PHOTOELECTRON SPECTROSCOPY.

anglesite A mineral form of *lead(Il)
sulphate, PbSO,.

angstrom Symbol A. A unit of length
equal to 107! metre. It was formerly used
to measure wavelengths and intermolecu-
lar distances but has now been replaced
by the nanometre. 1 A = 0.1 nanometre.
The unit is named after Anders Angstrém.

Angstrom, Anders Jonas (1814-74)
Swedish astronomer and physicist who
became professor of physics at the Univer-
sity of Uppsala from 1858 until his death.
He worked mainly with emission *spec-
tra, demonstrating the presence of hydro-
gen in the sun. He also worked out the
wavelengths of *Fraunhofer lines. Since
1905 spectral wavelengths have been ex-
pressed in *angstroms.

angular displacement, velocity, and
acceleration See ROTATIONAL MOTION.

angular distance A way of expressing
sizes or distances in astronomy. Angular
diameter is the size of a celestial object;
angular distance is the distance between
two objects. Both are measured as angles
on the *celestial sphere (expressed in de-
grees, arc-minutes, or arc-seconds).

angular frequency (pulsatance) A
quantity proportional to the *frequency
of a periodic phenomenon but having the
dimensions of angular velocity. The angu-
lar frequency in radians per second =
frequency in hertz x 2x radians per cycle.

angular magnification (magnifying
power) See MAGNIFICATION.

angular momentum Symbol L. The
product of the angular velocity of a body
and its *moment of inertia about the axis
of rotation, i.e. L = Io.

anharmonic oscillator An oscillating
system (in either *classical physics or
*quantum mechanics) that is not oscillat-
ing in *simple harmonic motion. In gen-
eral, the problem of an anharmonic
oscillator is not exactly soluble, although
many systems approximate to harmonic

oscillators and for such systems the an-
harmonicity (the deviation of the system
from being a *harmonic oscillator) can be
calculated using *perturbation theory. If
the anharmonicity is large other approxi-
mate or numerical techniques have to be
used to solve the problem.

anhydride A compound that produces a
given compound on reaction with water.
For instance, sulphur trioxide is the (acid)
anhydride of sulphuric acid

SO + H,0 — H,S0,
See also ACID ANHYDRIDES.

anhydrite An important rock-forming
anhydrous mineral form of calcium sul-
phate, CaSO,. It is chemically similar to
*gypsum but is harder and heavier and
crystallizes in the rhombic form (gypsum
is monoclinic). Under natural conditions
anhydrite slowly hydrates to form gyp-
sum. It occurs chiefly in white and greyish
granular masses and is often found in the
caprock of certain salt domes. It is used as
a raw material in the chemical industry
and in the manufacture of cement and
fertilizers.

anhydrous Denoting a chemical com-
pound lacking water: applied particularly
to salts lacking their water of crystalliza-
tion.

aniline See PHENYLAMINE.

anilinium ion The ion CcH;NH;*, de-
rived from *phenylamine.

animal Any member of the kingdom
Animalia, which comprises multicellular
organisms that develop from embryos
formed by the fusion of haploid eggs and
sperm. Unable to manufacture their own
food, they feed on other organisms or
organic matter (holozoic nutrition; see
HETEROTROPHIC NUTRITION). Animals are
therefore typically mobile (to search for
food) and have evolved specialized sense
organs for detecting changes in the envi-
ronment; a *nervous system coordinates
information received by the sense organs
and enables rapid responses to environ-
mental stimuli. Animal *cells lack the cel-
lulose cells walls of *plant cells. For a
classification of the animal kingdom, see
Appendix.
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animal behaviour The activities that
constitute an animal’s response to its ex-
ternal environment. Certain categories of
behaviour are seen in all animals (e.g.
feeding, reproduction) but these activities
involve different movements in different
species and develop in different ways.
Some movements are highly characteris-
tic of a species (see INSTINCT) whereas oth-
ers are more variable and depend on the
interaction between innate tendencies
and *learning during the individual’s life-
time. Physiologists study how changes in
the body (e.g. hormone levels) affect be-
haviour, psychologists study the mecha-
nisms of learning, and ethologists study
the behaviour of the whole animal: how
this develops during the individual’s life-
time and how it evolved through natural
selection (see ETHOLOGY).

animal charcoal See CHARCOAL.
animal starch See GLYCOGEN.

anion A negatively charged *ion, i.e. an
ion that is attracted to the *anode in
*electrolysis. Compare CATION.

anionic detergent See DETERGENT.
anionic resin See ION EXCHANGE.

anisogamy Sexual reproduction involv-
ing the fusion of gametes that differ in
size and sometimes also in form. See also
00GAMY. Compare ISOGAMY.

anisotropic Denoting a medium in
which certain physical properties are dif-
ferent in different directions. Wood, for
instance, is an anisotropic material: its
strength along the grain differs from that
perpendicular to the grain. Single crystals
that are not cubic are anisotropic with re-
spect to some physical properties, such as
the transmission of electromagnetic radia-
tion. Compare ISOTROPIC.

annealing A form of heat treatment ap-
plied to a metal to soften it, relieve inter-
nal stresses and instabilities, and make it
easier to work or machine. It consists of
heating the metal to a specified tempera-
ture for a specified time, both of which
depend on the metal involved, and then
allowing it to cool slowly. It is applied to
both ferrous and nonferrous metals and a
similar process can be applied to other
materials, such as glass.

Annelida A phylum of invertebrates
comprising the segmented worms (e.g.
the earthworm). Annelids have cylindrical
soft bodies showing *metameric segmen-
tation, obvious externally as a series of
rings separating the segments. Each seg-
ment is internally separated from the
next by a membrane and bears stiff bris-
tles (see CHAETA). Between the gut and
other body organs there is a fluid-filled
cavity called the *coelom, which acts as a
hydrostatic skeleton. Movement is by al-
ternate contraction of circular and longi-
tudinal muscles in the body wall. The
phylum contains three classes: *Poly-
chaeta, *Oligochaeta, and *Hirudinea.

annihilation The destruction of a parti-
cle and its *antiparticle as a result of a
collision between them. The annihilation
radiation produced is carried away by
*photons or *mesons. For example, in a
collision between an electron and a
positron the energy produced is carried
away by two photons, each having an en-
ergy of 0.511 MeV, which is equivalent to
the rest-mass energies of the annihilated
particles plus their kinetic energies.
When nucleons annihilate each other the
energy is carried away by mesons.

annual A plant that completes its life
cycle in one year, during which time it
germinates, flowers, produces seeds, and
dies. Examples are the sunflower and
marigold. Compare BIENNIAL; EPHEMERAL;
PERENNIAL.

annual rhythm The occurrence of a
process or a function in a living organism
on a yearly basis. Events that display an
annual rhythm can include life cycles,
such as those of *annual plants; mating
behaviour; some kinds of movement,
such as *migration; or growth patterns,
such as the *growth rings of woody plant
stems. See also BIORHYTHM.

annual ring See GROWTH RING.

annular parallax Symbol n. The *paral-
lax of a celestial object resulting from the
movement of the earth in its orbit during
a year. It is equal to the semimajor axis of
the parallatic ellipse described by the ap-
parent movement of the object against
the background of distant stars. Annular
parallax (in arc-seconds) is also approxi-
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mately equal to the reciprocal of the dis-
tance to the object (in parsecs).

annulenes Organic hydrocarbons that
have molecules containing simple single
rings of carbon atoms linked by alternat-
ing single and double bonds. Such com-
pounds have even numbers of carbon
atoms. Cyclooctatetraene, CgHg, is the
next in the series following benzene.
Higher annulenes are usually referred to
by the number of carbon atoms in the
ring, as in [10]-annulene, C,,H,0, [12]-
annulene, C;,H;,, etc. The lower members
are not stable as a result of the interac-
tions between hydrogen atoms inside the
ring. This is true even for molecules that
have the necessary number of pi electrons
to be *aromatic compounds. Thus, [10]-
annulene has 4n + 2 pi electrons with n =
2, but is not aromatic because it is not pla-
nar. [14]-annulene also has a suitable
number of pi electrons to be aromatic (n =
3) but is not planar because of interaction
between the inner hydrogens.

The compound [18]-annulene is large

H H

[14]-annulene

[18]-annulene

Annulenes

enough to be planar and obeys the Hiickel
rule (4n + 2 = 18, with n = 4). It is a brown-
ish red fairly stable reactive solid. NMR ev-
idence shows that it has aromatic
character. The annulene with n =7, [30]-
annulene, can also exist in a planar form
but is highly unstable. See also PSEUDOARO-
MATIC.

annulus 1. (in mathematics) The plane
figure formed between two concentric cir-
cles of different radii, R and r. Its area is
n(R% - r?). 2. (in botany) a. A ragged ring
of tissue that remains on the stalk of a
mushroom or toadstool. Also called a
velum, it is formed from the ruptured
membrane that originally covered the
lower surface of the cap. b. The region of
the wall of a fern sporangium that is spe-
cialized for spore dispersal. It consists of
cells that are thickened except on their
outer walls. On drying out, the cells con-
tract and the sporangium ruptures, releas-
ing the spores. The annulus springs back
into position when the residual water in
the cells vaporizes and any remaining
spores are dispersed. 3. (in zoology) Any
of various ring-shaped structures in ani-
mals, such as any of the segments of an
earthworm or other annelid.

anode A positive electrode. In *electrol-
ysis anions are attracted to the anode. In
an electronic vacuum tube it attracts elec-
trons from the *cathode and it is there-
fore from the anode that electrons flow
out of the device. In these instances the
anode is made positive by external means;
however in a *voltaic cell the anode is the
electrode that spontaneously becomes
positive and therefore attracts electrons to
it from the external circuit.

anode sludge See ELECTROLYTIC REFIN-
ING.

anodizing A method of coating objects
made of aluminium with a protective
oxide film, by making them the anode in
an electrolytic bath containing an oxidiz-
ing electrolyte. Anodizing can also be
used to produce a decorative finish by for-
mation of an oxide layer that can absorb a
coloured dye.

anomaly An angle used to fix the posi-
tion of a body, such as a planet, in an el-
liptical orbit. The true anomaly of a planet
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is the angle between the *perihelion, the
sun, and the planet in the direction of the
planet’s motion. The mean anomaly is the
angle between the perihelion, the sun,
and an imaginary planet having the same
period as the real planet, but assumed to
be moving at constant speed.

Anoplura See SIPHUNCULATA.
ANS See AUTONOMIC NERVOUS SYSTEM.

ANSI American National Standards Insti-
tute: a US body that accredits organiza-
tions to write industrial standards -
publicly available definitions, require-
ments, criteria, etc. - following the rules
established by ANSI.

antagonism 1. The interaction of two
substances (e.g. drugs, hormones, or en-
zymes) having opposing effects in a sys-
tem in such a way that the action of one
partially or completely inhibits the effects
of the other. For example, one group of
anti-cancer drugs acts by antagonizing the
effects of certain enzymes controlling the
activities of the cancer cells. See also AN-
TAGONIST. 2. An interaction between two
muscles, known as antagonistic muscles,
in which contraction of one prevents that
of the other. For example, the *biceps and
triceps are an antagonistic pair. See VOLUN-
TARY MUSCLE. 3. An interaction between
two organisms (e.g. moulds or bacteria) in
which the growth of one is inhibited by
the other. Compare SYNERGISM.

antagonist A drug that inhibits the ef-
fect of an *agonist in such a way that the
combined biological effect of the two sub-
stances becomes smaller than the sum of
their individual effects. Competitive an-
tagonists act by binding to agonist recep-
tors, while noncompetitive antagonists do
not bind to the same receptor sites as the
agonist. A functional antagonist binds to
other receptors that elicit an effect oppo-
site to that of the agonist.

antenna 1. (in zoology) A long whiplike
jointed mobile paired appendage on the
head of many arthropods, usually con-
cerned with the senses of smell, touch,
etc. In insects, millipedes, and centipedes
they are the first pair of head appendages
and are specialized and modified in many
insects. In crustaceans they are the second
pair of head appendages, the first pair (the

antennules) having the sensory function,
while the antennae are modified for
swimming and for attachment. 2. (in
radio) See AERIAL.

antennule See ANTENNA.

anterior 1. Designating the part of an
animal that faces to the front, i.e. that
leads when the animal is moving. In hu-
mans and other bipedal animals the an-
terior surface corresponds to the *ventral
surface. 2. Designating the side of a
flower or axillary bud that faces away
from the flower stalk or main stem, re-
spectively. Compare POSTERIOR.

anther The upper two-lobed part of a
plant *stamen, usually yellow in colour.
Each lobe contains two pollen sacs within
which are numerous pollen grains, which
are released when the anther ruptures.

antheridium The male sex organ of
algae, fungi, bryophytes, and pterido-
phytes. It produces the male gametes (an-
therozoids). It may consist of a single cell
or it may have a wall that is made up of
one or several layers forming a sterile
jacket around the developing gametes.
Compare ARCHEGONIUM.

antherozoid (spermatozoid) The motile
male gamete of algae, fungi, bryophytes,
clubmosses, horsetails, ferns, and certain
gymnosperms. Antherozoids usually de-
velop in an *antheridium but in certain
gymnosperms, such as Ginkgo and Cycas,
they develop from a cell in the pollen
tube.

anthocyanin One of a group of
*flavonoid pigments. Anthocyanins occur
in the cell vacuoles of various plant or-
gans and are responsible for many of the
blue, red, and purple colours in plants
(particularly in flowers).

Anthophyta (Angiospermophyta; Mag-
noliophyta) A phylum comprising the
flowering plants (angiosperms). Their ga-
metes are produced within *flowers and
the ovules (and the seeds into which they
develop) are enclosed in a carpel (compare
CONIFEROPHYTA). The angiosperms are the
dominant plant forms of the present day.
They show the most advanced structural
organization in the plant kingdom, en-
abling them to inhabit a very diverse
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range of habitats. There are two classes
within this group: the *Monocoty-
ledoneae with one seed leaf (cotyledon) in
the seed, and the *Dicotyledoneae with
two seed leaves.

anthracene A white crystalline solid,
Cy4Hyp; 1.d. 1.28; m.p. 215.8°C; b.p.
341.4°C. It is an aromatic hydrocarbon
with three fused rings (see formula), and
is obtained by the distillation of crude
oils. The main use is in the manufacture
of dyes.

Anthracene

anthracite See coar.

anthraquinone A colourless stable
crystalline solid, C,,HgO,, m.p. 285°C. It is
made from benzene or naphthalene and
used in the manufacture of a large range
of dyes.

anthropic principle The principle that
the observable universe has to be as it is,
rather than any other way, otherwise we
would not be able to observe it. There are
many versions of the anthropic principle.
The weak anthropic principle is specifi-
cally concerned with the conditions neces-
sary for conscious life on earth and asserts
that numerical relations found for funda-
mental constants, such as the *gravita-
tional constant, have to hold at the
present epoch because at any other epoch
there would be no intelligent lifeform to
measure the constants. The strong an-
thropic principle is concerned with all pos-
sible universes and whether intelligent
life could exist in any other universe, in-
cluding the possibility of different funda-
mental constants and laws of physics. The
anthropic principle is viewed with consid-
erable scepticism by many physicists.

antiaromatic See PSEUDOAROMATIC.

antiatom An atom in which all the par-
ticles of an ordinary atom are replaced by
their *antiparticles, i.e. electrons by
positrons, protons by antiprotons, and

neutrons by antineutrons. An antiatom
cannot co-exist with an ordinary atom
since the atom and the antiatom would
annihilate each other with the production
of energy in the form of high-energy
*photons.

antibiotics Substances that destroy or
inhibit the growth of microorganisms,
particularly disease-producing bacteria.
Antibiotics are obtained from microorgan-
isms (especially moulds) or synthesized.
Common antibiotics include the *peni-
cillins, streptomycin, and the tetra-
cyclines. They are used to treat various
infections but tend to weaken the body’s
natural defence mechanisms and can
cause allergies. Overuse of antibiotics can
lead to the development of resistant
strains of microorganisms.

antibody A protein (see IMMUNOGLOBU-
LIN) produced by certain white blood cells
(*lymphocytes) in response to entry into
the body of a foreign substance (*antigen)
in order to render it harmless. An anti-
body-antigen reaction is highly specific.
Antibody production is one aspect of the
*immune response and is stimulated by
such antigens as invading bacteria, for-
eign red blood cells (see ABO SYSTEM), in-
haled pollen grains or dust, and foreign
tissue *grafts. See also IMMUNITY; MONO-
CLONAL ANTIBODY.

antibonding orbital See OrRBITAL.

anticholinesterase Any substance that
inhibits the enzyme *cholinesterase,
which is responsible for the breakdown of
the neurotransmitter acetylcholine at
nerve synapses. Anticholinesterases,
which include certain drugs, nerve gases,
and insecticides, cause a build-up of
acetylcholine within the synapses, leading
to disruption of nerve and muscle func-
tion. In vertebrates, these agents often
cause death by paralysing the respiratory
muscles. See PESTICIDE.

anticline See FoLD.

anticoagulant A substance that pre-
vents the formation of blood clots. *Hep-
arin is a natural anticoagulant, which is
extracted to treat such conditions as
thrombosis and embolism. Synthetic anti-
coagulants include *warfarin.
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anticodon A sequence of three nu-
cleotides (trinucleotide) on a strand of
transfer *RNA that can form base pairs
(see BASE PAIRING) with a specific trinu-
cleotide sequence (see CODON) on a strand
of messenger RNA during *translation. See
also PROTEIN SYNTHESIS.

anticyclone (high) An area of the at-
mosphere that is at a higher pressure
than the surrounding air. It appears on
synoptic charts with a roughly circular
closed *isobar at its centre. Winds, which
are generally light, circulate in a clock-
wise direction around the high-pressure
centre in the northern hemisphere and in
an anticlockwise direction in the southern
hemisphere. An anticyclone is characteris-
tically slow moving and is associated with
settled weather.

antidiuretic hormone (ADH; vaso-
pressin) A hormone, secreted by the poste-
rior *pituitary gland, that stimulates
reabsorption of water by the kidneys and
thus controls the concentration of body
fluids. ADH is produced by specialized
nerve cells in the hypothalamus of the
brain and is transported to the posterior
pituitary in the bloodstream. Deficiency of
ADH results in a disorder known as dia-
betes insipidus, in which large volumes of
urine are excreted; it is treated by admin-
istration of natural or synthetic hormone.

antiferromagnetism See MAGNETISM.

antifreeze A substance added to the lig-
uid (usually water) in the cooling systems
of internal-combustion engines to lower
its freezing point so that it does not solid-
ify at sub-zero temperatures. The com-
monest antifreeze is *ethane-1,2-diol
(ethylene glycol).

antifreeze molecule Any substance
produced by an organism in order to pre-
vent freezing of its tissues or body fluids
when subject to subzero environmental
temperatures. Many animals living in cold
climates produce relatively inert mol-
ecules, notably glycerol and other polyhy-
dric alcohols (polyols), such as sorbitol
and ribitol, which accumulate in their
blood, thereby raising the osmotic con-
centration and so depressing the *super-
cooling point. Some families of teleost fish
inhabiting polar regions manufacture

antifreeze peptides or antifreeze glyco-
peptides, which bind to the edges of ice
crystal lattices and prevent the addition of
further water molecules.

antigen Any substance that the body re-
gards as foreign and that therefore elicits
an *immune response, particularly the
formation of specific antibodies capable of
binding to it. Antigens may be formed in,
or introduced into, the body. They are
usually proteins. Histocompatibility anti-
gens are associated with the tissues and
are involved in the rejection of tissue or
organ *grafts (see HISTOCOMPATIBILITY); an
example is the group of antigens encoded
by the *HLA system. A graft will be re-
jected if the recipient’s body regards such
antigens on the donor’s tissues as foreign.
See also ANTIBODY.

antigorite See¢ SERPENTINE.

antihistamine Any drug that inhibits
the effects of *histamine in the body and
is therefore used to relieve and prevent
the symptoms associated with allergic re-
actions, such as hay fever. Since one of
the side-effects produced by antihista-
mines is sleepiness, some are used to pre-
vent motion sickness and induce sleep.

anti-isomer See ISOMERISM.
antiknock agent See KNOCKING.
antilogarithm See LOGARITHM.
antimatter See ANTIPARTICLE.

antimonic compounds Compounds of
antimony in its +5 oxidation state; e.g. an-
timonic chloride is antimony(V) chloride
(SbCls).

antimonous compounds Compounds
of antimony in its +3 oxidation state; e.g.
antimonous chloride is antimony(IIl) chlo-
ride (SbCly).

antimony Symbol Sb. An element be-
longing to *group 15 (formerly VB) of the
periodic table; a.n. 51; r.a.m. 121.75; r.d.
6.68; m.p. 630.5°C; b.p. 1750°C. Antimony
has several allotropes. The stable form is a
bluish-white metal. Yellow antimony and
black antimony are unstable nonmetallic
allotropes made at low temperatures. The
main source is stibnite (Sb,S;), from
which antimony is extracted by reduction
with iron metal or by roasting (to give the
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oxide) followed by reduction with carbon
and sodium carbonate. The main use of
the metal is as an alloying agent in lead-
accumulator plates, type metals, bearing
alloys, solders, Britannia metal, and
pewter. It is also an agent for producing
pearlitic cast iron. Its compounds are used
in flame-proofing, paints, ceramics, enam-
els, glass dyestuffs, and rubber technol-
ogy. The element will burn in air but is
unaffected by water or dilute acids. It is
attacked by oxidizing acids and by halo-
gens. It was first reported by Tholden in
1450.

antinode See STATIONARY WAVE.

antioxidants Substances that slow the
rate of oxidation reactions. Various an-
tioxidants are used to preserve foodstuffs
and to prevent the deterioration of rub-
ber, synthetic plastics, and many other
materials. Some antioxidants act as chelat-
ing agents to sequester the metal ions
that catalyse oxidation reactions. Others
inhibit the oxidation reaction by remov-
ing oxygen free radicals. Naturally occur-
ring antioxidants include *vitamin E,
B-*carotene, and *glutathione; they limit
the cell and tissue damage caused by for-
eign substances, such as toxins and pollu-
tants, in the body.

antiparallel spins Neighbouring spin-
ning electrons in which the *spins, and
hence the magnetic moments, of the elec-
trons are aligned in the opposite direc-
tion. The interaction between the
magnetic moments of electrons in atoms
is dominated by exchange interactions.
Under some circumstances the exchange
interactions between magnetic moments
favour *parallel spins, while under other
conditions they favour antiparallel spins.
The case of antiferromagnetism (see MAG-
NETISM) is an example of a system with
antiparallel spins.

antiparallel vectors Vectors directed
along the same line but in opposite direc-
tions.

antiparticle A subatomic particle that
has the same mass as another particle and
equal but opposite values of some other
property or properties. For example, the
antiparticle of the electron is the positron,
which has a positive charge equal in mag-

nitude to the electron’s negative charge.
The antiproton has a negative charge
equal to the proton’s positive charge. The
neutron and the antineutron have *mag-
netic moments opposite in sign relative to
their *spins. The existence of antiparticles
is predicted by relativistic *quantum
mechanics. When a particle and its corre-
sponding antiparticle collide *annihila-
tion takes place. Antimatter is postulated
to consist of matter made up of anti-
particles. For example, antihydrogen
would consist of an antiproton with an
orbiting positron. It appears that the uni-
verse consists overwhelmingly of (normal)
matter, and explanations of the absence
of large amounts of antimatter have been
incorporated into cosmological models
that involve the use of *grand unified
theories of elementary particles.

antipyretic A drug that reduces fever by
lowering body temperature. Certain
*analgesic drugs, notably paracetamol,
*aspirin, and phenylbutazone, also have
antipyretic properties.

antisense DNA A single-stranded DNA
molecule that can bind to a complemen-
tary base sequence in a particular messen-
ger RNA (mRNA) molecule and so prevent
synthesis of the protein encoded by the
mRNA. Antisense DNA thus has therapeu-
tic potential for blocking the expression
of disease-causing genes. A short DNA
strand, called an antisense oligodeoxynu-
cleotide (ODN), is constructed consisting
of 15-20 deoxynucleotides complemen-
tary to a segment of the target mRNA. By
binding to the mRNA, the ODN may ei-
ther prevent translation of the mRNA by
ribosomes or trigger degradation of the
mRNA by cellular enzymes. An antisense
ODN product has already been approved
in the USA for the treatment of cyto-
megalovirus infections of the eye. See also
ANTISENSE RNA.

antisense RNA An RNA molecule
whose base sequence is complementary to
that of the RNA transcript of a gene, i.e.
the ‘sense’ RNA, such as a messenger RNA
(mRNA). Hence, an antisense RNA can un-
dergo base pairing with its complemen-
tary mRNA sequence. This blocks gene
expression, either by preventing access
for ribosomes to translate the mRNA or
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by triggering degradation of the double-
stranded RNA by ribonuclease enzymes.
Like *antisense DNA, antisense RNA has
therapeutic potential for modifying the
activity of disease-causing genes. Also,
genes encoding antisense RNAs can be
used in genetic engineering to alter the
makeup of organisms. For example, the
FlavrSavr tomato was engineered with an
artificial gene for antisense RNA that pre-
vented expression of a gene for an en-
zyme involved in ripening, in order to
retard spoilage.

antiseptic Any substance that kills or
inhibits the growth of disease-causing
microorganisms but is essentially non-
toxic to cells of the body. Common anti-
septics include hydrogen peroxide, the
detergent cetrimide, and ethanol. They
are used to treat minor wounds. Compare
DISINFECTANT.

antiserum Serum containing anti-
bodies, either raised against particular
antigens, and hence of known specificity,
or a broad mixture of antibodies. It is used
to provide short-term passive immunity,
e.g. against hepatitis A virus, and to treat
an infection to which the patient has no
immunity. Antisera may be obtained from
large animals, such as horses, that have
been inoculated with particular antigens,
or from pooled donated human serum.

antitail A small tail on a *comet that
points towards the sun, unlike the
comet’s main tail. It is thought to consist
of large particles, which scatter sunlight,
and is prominent only when observed
from the plane of the comet’s orbit.

antitoxin An antibody produced in re-
sponse to a bacterial *toxin.

antiviral Describing a drug or other
agent that kills or inhibits viruses and is
used to treat viral infections. Several types
of antiviral drug are now in use, such as
*acyclovir, effective against herpesviruses,
and antiretroviral drugs (e.g. *reverse
transcriptase inhibitors and protease in-
hibitors), used to treat HIV infection. The
body’s own natural antiviral agents,*inter-
ferons, can now be produced by genetic
engineering and are sometimes used
therapeutically. However, many antiviral
agents are extremely toxic, and viruses

evolve rapidly so that a drug’s effective-
ness can soon be lost.

anus The terminal opening of the *ali-
mentary canal in most animals, through
which indigestible material (*faeces) is ex-
pelled.

anyon See QUANTUM STATISTICS.

aorta The major blood vessel in higher
vertebrates through which oxygenated
blood leaves the *heart from the left ven-
tricle. The aorta branches to form many
smaller arteries, which in turn branch
many times to supply oxygen and essen-
tial nutrients to all living cells in the
body.

apastron The point at which the dis-
tance between the two components of a
*binary star is greatest. The point of clos-
est approach is called periastron.

apatite A highly complex mineral form
of *calcium phosphate, Cas(PO,);(OH,F,Cl);
the commonest of the phosphate miner-
als. It has a hexagonal structure and oc-
curs widely as an accessory mineral in
igneous rocks (e.g. pegmatite) and often in
regional and contact metamorphic rocks,
especially limestone. Large deposits occur
in the Kola Peninsula, Russia. It is used in
the production of fertilizers and is a
major source of phosphorus. The enamel
of teeth is composed chiefly of apatite.

aperture The effective diameter of a
lens or mirror. The ratio of the effective
diameter to the focal length is called the
relative aperture, which is commonly
known as the aperture, especially in
photographic usage. The reciprocal of the
relative aperture is called the focal ratio.
The numerical value of the focal ratio is
known as the f-number of a lens. For ex-
ample, a camera lens with a 40 mm focal
length and a 10 mm aperture has a rela-
tive aperture of 0.25 and a focal ratio of 4.
Its fnumber would be f/4, often written
4.

The light-gathering power of a tele-
scope depends on the area of the lens, i.e.
it is related to the square of the aperture.
However, the larger the relative aperture
the greater the *aberrations. In micros-
copy large-aperture objectives (corrected
for aberrations) are preferred, since they
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reduce the blurring caused by *diffraction
of light waves.

aperture synthesis See RADIO TELE-
SCOPE.

aphelion The point in the orbit of a
planet, comet, or artificial satellite in solar
orbit at which it is farthest from the sun.
The earth is at aphelion on about July 3.
Compare PERIHELION.

aphotic zone (bathypelagic zone) The
region of a lake or sea where no light pen-
etrates; it is situated beneath the *eu-
photic zone. The aphotic zone contains no
algae or phytoplankton, and its inhabi-
tants are exclusively carnivorous animals
or organisms that feed on sediment or de-
tritus, all reliant on energy inputs from
the euphotic zone. It extends downwards
from a depth of about 1000 m, or less in
turbid waters, and includes the *abyssal
zone.

apical dominance Inhibition of the
growth of lateral buds in a plant by the
presence of a growing apical bud. It is
brought about by the action of auxins
(produced by the apical bud) and abscisic
acid.

apical meristem A region at the tip of
each shoot and root of a plant in which
cell divisions are continually occurring to
produce new stem and root tissue, respec-
tively. The new tissues produced are
known collectively as the primary tissues
of the plant. See also MERISTEM. Compare
CAMBIUM.

aplanatic lens A lens that reduces both
spherical *aberration and *coma.

apocarpy The condition in which the
female reproductive organs (*carpels) of a
flower are not joined to each other. It oc-
curs, for example, in the buttercup. Com-
pare SYNCARPY.

apochromatic lens See ACHROMATIC
LENS.

apocrine secretion See SECRETION.

apocynthion The point in the orbit
around the moon of a satellite launched
from the earth that is furthest from the
moon. For a satellite launched from the
moon the equivalent point is the apolune.
Compare PERICYNTHION.

apoenzyme An inactive enzyme that
must associate with a specific *cofactor
molecule or ion in order to function. Com-
pare HOLOENZYME.

apogee The point in the orbit of the
moon, or an artificial earth satellite, at
which it is furthest from the earth. At
apogee the moon is 406 700 km from the
earth, some 42 000 km further away than
at perigee, the nearest point to the earth.

apolune See APOCYNTHION.

apomixis (agamospermy) A reproduc-
tive process in plants that superficially re-
sembles normal sexual reproduction but
in which there is no fusion of gametes. In
apomictic flowering plants there is no fer-
tilization by pollen, and the embryos de-
velop simply by division of a *diploid cell
of the ovule. See also PARTHENOCARPY;
PARTHENOGENESIS.

apoplast An interconnected system in
plants that consists of all the cell walls
and the water that exists in them (the cell
wall is composed of cellulose fibres, be-
tween which are spaces filled with water).
The movement of water (and dissolved
ions and solutes) through the cell walls is
known as the apoplast pathway. This is
the main route by which water taken up
by a plant travels across the root cortex to
the *endodermis. Compare SYMPLAST.

apoptosis (programmed cell death) The
process of cell death that occurs naturally
as part of the normal development, main-
tenance, and renewal of tissues within an
organism. During embryonic develop-
ment it plays a vital role in determining
the final size and form of tissues and or-
gans. For example, the fingers are
‘sculpted’ on the spadelike embryonic
hand by apoptosis of the cells between
them; the tubules of the embryonic kid-
ney are hollowed out by a similar process.
Apoptosis involves the action of enzymes
called caspases, cellular proteins that -
when activated (e.g. by cell damage) - ini-
tiate a series of events that results in di-
gestion of the cytoskeleton, DNA, and
other cell components. Apoptosis is nor-
mally suppressed as long as cells continue
to receive extracellular survival signals in
the form of trophic factors (e.g. *nerve
growth factor). In the absence of such sig-
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nals, the cell embarks on a ‘suicide’ pro-
gramme. Sometimes, other cells, for ex-
ample immune cells, release specific
‘murder’ signals, which activate apoptosis
in target cells. Cancer is associated with
the suppression of apoptosis, which also
occurs when viruses infect cells - in order
to inhibit the activity of *killer cells.
Apoptosis differs from cell *necrosis, in
which cell death may be stimulated by a
toxic substance.

aposematic coloration See WARNING
COLORATION.

apparent expansivity See¢ EXPANSIVITY.

appeasement Behaviour that inhibits
aggression from another animal of the
same species, frequently taking the form
of a special posture or *display emphasiz-
ing the weakness of the performer.
Threatening structures (e.g. antlers) and
markings are covered or turned away, and
vulnerable parts of the body may be ex-
posed. Appeasement is seen in *courtship,
in greeting ceremonies, and often (from
the loser) after a fight.

appendicular skeleton The compo-
nents, collectively, of the vertebrate skel-
eton that are attached to the main
supporting, or *axial, skeleton. The ap-
pendicular skeleton is made up of paired
appendages (e.g. legs, wings, arms) to-
gether with the *pelvic girdle and *pec-
toral girdle.

appendix (vermiform appendix) An out-
growth of the *caecum in the alimentary
canal. In humans it is a *vestigial organ
containing lymphatic tissue and serves no
function in normal digestive processes.
Appendicitis is caused by inflammation of
the appendix.

Appleton layer See EARTH’S ATMOS-
PHERE.

applications software Computer pro-
grams, or collections of programs, de-
signed to meet the needs of the users of
computer systems by directly contributing
to the performance of specific roles. Ex-
amples include a word-processing or
spreadsheet program, or a company’s pay-
roll package. In contrast, systems soft-
ware, such as an operating system, are

the group of programs required for effec-
tive use of a computer system.

approximation technique A method
used to solve a problem in mathematics,
or its physical applications, that does not
give an exact solution but that enables an
approximate solution to be found.

aprotic See SOLVENT.

apsides The two points in an astronomi-
cal orbit that lie closest to (periapsis) and
farthest from (apoapsis) the centre of
gravitational attraction. The line of ap-
sides is the straight line that joins the two
apsides. If the orbit is elliptical the line of
apsides is the major axis of the ellipse.

aqua acid A type of acid in which the
acidic hydrogen is on a water molecule co-
ordinated to a metal ion. For example,

AL(OH,)¢** + H,0 — Al(OH,)5(OH)** +
H,0*

aquamarine A variety of the mineral
*beryl that has a transparent blue-green
colour, valued as a gemstone. It is found
as an accessory mineral in pegmatite,
sometimes as very large crystals.

aqua regia A mixture of concentrated
nitric acid and concentrated hydrochloric
acid in the ratio 1:3 respectively. It is a
very powerful oxidizing mixture and will
dissolve all metals (except silver, which
forms an insoluble chloride) including
such noble metals as gold and platinum,
hence its name (‘royal water’). Nitrosyl
chloride (NOCI) is believed to be one of
the active constituents.

aquation The process in which water
molecules solvate or form coordination
complexes with ions.

aqueous Describing a solution in water.

aqueous humour The fluid that fills
the space between the cornea and the
lens of the vertebrate eye. In addition to
supplying the cornea and lens with nutri-
ents, the aqueous humour helps to main-
tain the shape of the eye. It is produced
and renewed every four hours by the *cil-
iary body.

aquifer A deposit of rock that yields eco-
nomic supplies of water to wells or
springs as a result of its porosity or per-
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meability. It may be, for example, a zone
of sandstone, unconsolidated gravels, or
jointed limestone.

aquo ion A hydrated positive ion pres-
ent in a crystal or in solution.

Arabidopsis A genus of flowering
plants of the family Cruciferae (Brassi-
caceae). The species A. thaliana (Thale
cress) is widely used as a research tool in
molecular genetics and developmental bi-
ology because it has a small and simple
genome (five pairs of chromosomes), over
half of which codes for protein, and it can
be easily cultured, having a life cycle of
only 6-8 weeks. Its full genome sequence
was published in 2000.

arachidonic acid An unsaturated fatty
acid, CH;(CH,);(CH,CH=CH),(CH,);COOH,
that is essential for growth in mammals.
It can be synthesized from *linoleic acid.
Arachidonic acid acts as a precursor to
several biologically active compounds, in-
cluding *prostaglandins, and plays an im-
portant role in membrane production and
fat metabolism. The release of arachidonic
acid from membrane *phospholipids is
triggered by certain hormones.

Arachnida A class of terrestrial *arthro-
pods of the phylum Chelicerata, compris-
ing about 65 000 species and including
spiders, scorpions, harvestmen, ticks, and
mites. An arachnid’s body is divided into
an anterior *cephalothorax (prosoma) and
a posterior abdomen (opisthosoma). The
prosoma bears a pair of grasping or pierc-
ing appendages (the chelicerae), a pair of
pedipalps used for manipulation or as sen-
sory structures, and four pairs of walking
legs. The opisthosoma may bear various
sensory or silk-spinning appendages (see
SPINNERET). Arachnids are generally car-
nivorous, feeding on the body fluids of
their prey or secreting enzymes to digest
prey externally. Spiders immobilize their
prey with poison injected by the fanglike
chelicerae, while scorpions grasp their
prey in large clawed pedipalps and may
poison it using the posterior stinging
organ. Ticks and some mites are parasitic
but most arachnids are free-living. They
breathe either via *tracheae (like insects)
or by means of thin highly folded regions
of the body wall called lung books.

arachnoid membrane One of the
three membranes (*meninges) that sur-
round the brain and spinal cord of verte-
brates. It lies between the *pia mater and
the *dura mater. The arachnoid mem-
brane is very delicate and carries *cer-
ebrospinal fluid, which sustains and
cushions the nervous tissue.

arachno-structure Sce BORANE.

aragonite A rock-forming anhydrous
mineral form of calcium carbonate,
CaCOs. It is much less stable than *calcite,
the commoner form of calcium carbon-
ate, from which it may be distinguished
by its greater hardness and specific grav-
ity. Over time aragonite undergoes recrys-
tallization to calcite. Aragonite occurs in
cavities in limestone, as a deposit in lime-
stone caverns, as a precipitate around hot
springs and geysers, and in high-pressure
low-temperature metamorphic rocks; it is
also found in the shells of a number of
molluscs and corals and is the main con-
stituent of pearls. It is white or colourless
when pure but the presence of impurities
may tint it grey, blue, green, or pink.

arbovirus Obsolete name for any RNA-
containing virus that is transmitted from
animals to humans through the bite of
mosquitoes and ticks (i.e. arthropods,
hence arthropod-borne viruses). They
cause various forms of encephalitis (in-
flammation of the brain) and serious
fevers, such as dengue and yellow fever.

arccos, arcsin, arctan Sce INVERSE
FUNCTIONS.

Archaea A *domain (or subkingdom) of
prokaryotic organisms containing the
archaebacteria, including the *me-
thanogens, which produce methane; the
thermoacidophilic bacteria, which live in
extremely hot and acidic environments
(such as hot springs); and the halophilic
bacteria, which can only function at high
salt concentrations and are abundant in
the world’s oceans. The archaebacteria are
grouped together principally on the basis
of similarities in the base sequence of
their ribosomal RNA. This molecular evi-
dence shows them to be phylogenetically
distinct from either the eubacteria (see
BACTERIA) or the eukaryotes, and they are
now usually regarded as constituting a
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separate domain of life. They are possibly
descendants of the earliest forms of life,
predating the earliest known microbial
fossils.

Archaean The earliest eon of geological
time, in which there is the first evidence
of life on earth. It follows the *Hadean
eon of pregeological time and extends
from the time of the earliest known
rocks, roughly 3800 million years ago, to
the beginning of the *Proterozoic eon,
about 2600 million years ago. Rock forma-
tions called *stromatolites, dated at 3500
million years old or older, are among the
oldest of all fossil remains. They are
thought to have been produced by the ac-
tivities of microbial mats of filamentous
purple and green bacteria. These prokary-
otes performed photosynthesis anaerobi-
cally, perhaps using hydrogen sulphide as
an electron donor instead of water. Some
of their descendants evolved the ability to
use water as an electron donor, producing
oxygen as a by-product, and eventually
brought about the change in atmospheric
conditions necessary for aerobic life.

archaebacteria Sce ARCHAEA.

archegonium The multicellular flask-
shaped female sex organ of bryophytes,
clubmosses, horsetails, ferns, and many
gymnosperms. Such plants are described
as archegoniate to distinguish them from
algae, which do not possess archegonia.
The dilated base, the venter, contains the
oosphere (female gamete). The cells of the
narrow neck liquefy to allow the male ga-
metes to swim towards the oosphere. The
archegonium is thus an adaptation to the
terrestrial environment as it provides a
means for the male gametes to reach the
female gamete. Compare ANTHERIDIUM.

archenteron (gastrocoel) A cavity
within an animal embryo at the *gastrula
stage of development. All or part of the
archenteron eventually forms the cavity
of the gut. It is connected to the outside
by an opening (the blastopore), which be-
comes either the mouth, the mouth and
anus, or the anal opening of the animal.

Archimedes of Syracuse (287-212 BC)
Greek mathematician, who spent most of
his life at his birthplace. He worked on
levers and other aspects of mechanics. In

hydrostatics he devised a pump (the Archi-
median screw) and formulated
*Archimedes’ principle. His method of
successive approximation allowed him to
determine the value of &t to a good ap-
proximation. He was killed by a soldier in
the Roman siege of Syracuse.

Archimedes’ principle The weight of
the liquid displaced by a floating body is
equal to the weight of the body. The prin-
ciple was not in fact stated by Archi-
medes, though it has some connection
with his discoveries. The principle is often
stated in the form: when a body is (par-
tially or totally) immersed in a fluid, the
upthrust on the body is equal to the
weight of fluid displaced.

arc lamp See ELECTRIC LIGHTING.

arcosh, arsinh, artanh See INVERSE
FUNCTIONS.

area A measure of the size of a two-
dimensional shape. The areas of com-
mon geometrical figures are given below,
where [ = length, h = altitude or height,
r=radius, and s = slant height:

square 2

rectangle Th

parallelogram lh

triangle Valh

circle nr?

sphere 4mr?

cone nrs (curved surface)

nrs + mr? (total surface)

2mrh (curved surface)

2mrh + 2nr? (total
surface)

cylinder

arenes Aromatic hydrocarbons, such as
benzene, toluene, and naphthalene.

Argand diagram See COMPLEX NUMBER.

argentic compounds Compounds of
silver in its higher (+2) oxidation state; e.g.
argentic oxide is silver(Il) oxide (AgO).

argentite A sulphide ore of silver, Ag,S.
It crystallizes in the cubic system but
most commonly occurs in massive form.
It is dull grey-black in colour but bright
when first cut and occurs in veins associ-
ated with other silver minerals. Important
deposits occur in Mexico, Peru, Chile, Bo-
livia, and Norway.

argentous compounds Compounds of
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silver in its lower (+1) oxidation state; e.g.
argentous chloride is silver(I) chloride.

arginine See AMINO ACID.

argon Symbol Ar. A monatomic noble
gas present in air (0.93%); a.n. 18; r.a.m.
39.948; d. 0.00178 g cm™>; m.p. -189°C;
b.p. -185°C. Argon is separated from lig-
uid air by fractional distillation. It is
slightly soluble in water, colourless, and
has no smell. Its uses include inert atmos-
pheres in welding and special-metal man-
ufacture (Ti and Zr), and (when mixed
with 20% nitrogen) in gas-filled electric-
light bulbs. The element is inert and has
no true compounds. Lord Rayleigh and Sir
William Ramsey identified argon in 1894.

argument 1. A sequence of logical
propositions based on a set of premisses
and leading to a conclusion. 2. See cOM-
PLEX NUMBER.

aril An outgrowth that grows around
and may completely enclose the testa
(seed coat) of a seed. It develops from the
placenta, funicle, or micropyle of an
ovule. The aril surrounding the nutmeg
seed forms the spice mace. See also CARUN-
CLE.

arithmetic average (arithmetic mean)
See AVERAGE.

arithmetic/logic unit See arv.

arithmetic series (arithmetic progres-
sion) A series or progression of numbers
in which there is a common difference be-
tween terms, e.g. 3, 9, 15, 21,... isan
arithmetic series with a common differ-
ence of 6. The general formula for the nth
term is

[a+(n-1)d]
and the sum of n terms is

n[2a + (n - 1)d]/2.
Compare GEOMETRIC SERIES.
armature Any moving part in an electri-
cal machine in which a voltage is induced
by a magnetic field, especially the rotating
coils in an electric motor or generator and

the ferromagnetic bar attracted by an
electromagnet in a *relay.

aromatic compound An organic com-
pound that contains a benzene ring in its
molecules or that has chemical properties

similar to benzene. Aromatic compounds
are unsaturated compounds, yet they do
not easily partake in addition reactions.
Instead they undergo electrophilic substi-
tution.

Benzene, the archetypal aromatic com-
pound, has an hexagonal ring of carbon
atoms and the classical formula (the
Kekulé structure) would have alternating
double and single bonds. In fact all the
bonds in benzene are the same length
intermediate between double and single
C-C bonds. The properties arise because
the electrons in the m-orbitals are delocal-
ized over the ring, giving an extra stabi-
lization energy of 150 k] mol™* over the
energy of a Kekulé structure. The condi-
tion for such delocalization is that a com-
pound should have a planar ring with
(4n + 2) pi electrons - this is known as the
Hiickel rule. Aromatic behaviour is also
found in heterocyclic compounds such as
pyridine. Aromatic character can be de-
tected by the presence of a ring current
using NMR. See also ANNULENES; NONBEN-
ZENOID AROMATICS; PSEUDOAROMATIC.

aromaticity The property characteristic
of *aromatic compounds.

arousal A level of physiological and be-
havioural responsiveness in an animal,
which tends to vary between sleep and
full alertness. It is controlled by a particu-
lar part of the brain (the reticular activat-
ing system) and can be detected by
changes in brain electrical activity, heart
rate and muscle tone, responsiveness to
new stimuli, and general activity.

ARPES See ANGLE-RESOLVED PHOTOELEC-
TRON SPECTROSCOPY.

Arrhenius equation An equation of
the form

k = Aexp(-E,RT)

where k is the rate constant of a given re-
action and E, the *activation energy. A is a
constant for a given reaction, called the
pre-exponential factor. Often the equation
is written in logarithmic form

Ink = InA - E,JRT

A graph of Ink against 1/T is a straight line
with a gradient -E,/R and an intercept on
the Ink axis of InA. It is named after
Svante Arrhenius (1859-1927).
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Arrhenius theory See acip.
arsenate(lll) See ARSENIC(III) OXIDE.
arsenate(V) See ARSENIC(V) OXIDE.

arsenic Symbol As. A metalloid element
of *group 15 (formerly VB) of the periodic
table; a.n. 33; r.a.m. 74.92; r.d. 5.7; sub-
limes at 613°C. It has three allotropes -
yellow, black, and grey. The grey metallic
form is the stable and most common one.
Over 150 minerals contain arsenic but the
main sources are as impurities in sulphide
ores and in the minerals orpiment (As,Ss)
and realgar (As,S,). Ores are roasted in air
to form arsenic oxide and then reduced
by hydrogen or carbon to metallic arsenic.
Arsenic compounds are used in insecti-
cides and as doping agents in semiconduc-
tors. The element is included in some
lead-based alloys to promote hardening.
Confusion can arise because As,Og is often
sold as white arsenic. Arsenic compounds
are accumulative poisons. The element
will react with halogens, concentrated
oxidizing acids, and hot alkalis. Albertus
Magnus is believed to have been the first
to isolate the element in 1250.

arsenic acid See ARSENIC(V) OXIDE.
arsenic(lll) acid See ARSENIC(III) OXIDE.
arsenic hydride See ARSINE.

arsenic(lll) oxide (arsenic trioxide; ar-
senious oxide; white arsenic) A white or
colourless compound, As,Og, existing in
three solid forms. The commonest has
cubic or octahedral crystals (r.d. 3.87; sub-
limes at 193°C) and is soluble in water,
ethanol, and alkali solutions. It occurs nat-
urally as arsenolite. A vitreous form can
be prepared by slow condensation of the
vapour (r.d. 3.74); its solubility in cold
water is more than double that of the
cubic form. The third modification, which
occurs naturally as claudetite, has mono-
clinic crystals (r.d. 4.15). Arsenic(IIl) oxide
is obtained commercially as a byproduct
from the smelting of nonferrous sulphide
ores; it may be produced in the laboratory
by burning elemental arsenic in air. The
structure of the molecule is similar to that
of P,Og, with a tetrahedral arrangement
of As atoms edge linked by oxygen
bridges. Arsenic(III) oxide is acidic; its so-
lutions were formerly called arsenious

acid (technically, arsenic(lll) acid). It forms
arsenate(lll) salts (formerly called arsen-
ites). Arsenic(Ill) oxide is extremely toxic
and is used as a poison for vermin; trace
doses are used for a variety of medicinal
purposes. It is also used for producing
opalescent glasses and enamels.

arsenic(V) oxide (arsenic oxide) A
white amorphous deliquescent solid,
As,0Os; 1.d. 4.32; decomposes at 315°C. It is
soluble in water and ethanol. Arsenic(V)
oxide cannot be obtained by direct combi-
nation of arsenic and oxygen; it is usually
prepared by the reaction of arsenic with
nitric acid followed by dehydration of the
arsenic acid thus formed. It readily loses
oxygen on heating to give arsenic(III)
oxide. Arsenic(V) oxide is acidic, dissolving
in water to give arsenic(V) acid (formerly
called arsenic acid), H;AsO,; the acid is
tribasic and slightly weaker than phos-
phoric acid and should be visualized as
(HO);AsO. It gives arsenate(V) salts (for-
merly called arsenates).

arsenic trioxide See ARSENIC(III) OXIDE.
arsenious acid See ARSENIC(III) OXIDE.
arsenious oxide See¢ ARSENIC(III) OXIDE.
arsenite See ARSENIC(III) OXIDE.

arsenolite A mineral form of
*arsenic(Ill) oxide, As,Og.

arsine (arsenic hydride) A colourless gas,
AsHz; m.p. -116.3°C; b.p. -55°C. It is sol-
uble in water, chloroform, and benzene.
Liquid arsine has a relative density of 1.69.
Arsine is produced by the reaction of min-
eral acids with arsenides of electropositive
metals or by the reduction of many ar-
senic compounds using nascent hydrogen.
It is extremely poisonous and, like the hy-
drides of the heavier members of group
15 (formerly VB), is readily decomposed

at elevated temperatures (around 260-
300°C). Like ammonia and phosphine,
arsine has a pyramidal structure.

Arsine gas has a very important com-
mercial application in the production of
modern microelectronic components. It is
used in a dilute gas mixture with an inert
gas and its ready thermal decomposition
is exploited to enable other growing crys-
tals to be doped with minute traces of ar-
senic to give n-type semiconductors.
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arteriole A small muscular blood vessel
that receives blood from the arteries and
carries it to the capillaries.

artery A blood vessel that carries blood
away from the heart towards the other
body tissues. Most arteries carry oxy-
genated blood (the *pulmonary artery is
an exception). The large arteries branch to
form smaller ones, which in turn branch
into *arterioles. All arteries have muscu-
lar walls, whose contraction aids in pump-
ing blood around the body. The
accumulation of fatty deposits in the walls
of the arteries leads to atherosclerosis,
which limits and may eventually block
the flow of blood. Compare VEIN.

artesian basin A structural basin in the
earth’s crust in which a zone of perme-
able water-bearing rock (an *aquifer) is
confined between impermeable beds.
Water enters the aquifer where it reaches
the surface and becomes trapped. As the
point of intake of the water is above the
level of the ground surface a well sunk
into the aquifer through the overlying im-
permeable rock will result in water being
forced up to the surface by hydrostatic
pressure. However, the number of wells
sunk into artesian basins often consider-
ably lowers the level of water so that
pumping is frequently required. Artesian
wells were named after the region of Ar-
tois in France, where they were first ob-
served. Other examples include the
London Basin where chalk and Lower
Eocene sandstones lie confined below the
London clay and above the Gault clay.

artesian
well

precipitation
bt

shale

122

sandstone J

shale

aquifer aquifuge

Artesian basin

Arthrophyta See SPHENOPHYTA.

arthropod Any invertebrate animal that
characteristically possesses an outer body
layer - the *cuticle - that functions as a
rigid protective exoskeleton; growth is
thus possible only by periodic moults (see

ECDYSIS). There are over one million
species of arthropods, inhabiting marine,
freshwater, and terrestrial habitats world-
wide. The arthropod body is composed of
segments (see METAMERIC SEGMENTATION)
usually forming distinct specialized body
regions, e.g. head, thorax, and abdomen.
These segments may possess hardened
jointed appendages, modified variously as
*mouthparts, limbs, wings, reproductive
organs, or sense organs. The main body
cavity, containing the internal organs, is a
blood-filled *haemocoel, within which lies
the heart. Although in some classifications
arthropods are placed in a single phylum,
Arthropoda, the origins and relationships
of the various groups of arthropods re-
main uncertain, and they are now often
placed in three separate phyla according
to the basic structure of their appendages:
*Crustacea (shrimps, barnacles, crabs,
etc.); Uniramia (or Mandibulata), including
the classes *Hexapoda (insects), *Chilo-
poda (centipedes), and *Diplopoda (milli-
pedes); and Chelicerata, including the
classes *Arachnida (spiders, scorpions,
mites, and ticks) and Merostomata (horse-
shoe crabs).

articulation The attachment of two
bones, usually by means of a *joint. The
thigh bone (femur), for instance, articu-
lates with the pelvic girdle.

artificial chromosome A type of
cloning *vector that has some features of
true chromosomes and is used to clone
relatively large fragments of DNA. Bacte-
rial artificial chromosomes (BACs) are
based on the F (fertility) plasmid found
naturally in E. coli bacteria with the addi-
tion of several bacterial genes necessary
for replication of the plasmid by the host
cell and a gene (usually for resistance to
an antibiotic) that allows selection of BAC-
containing cells. They can accommodate
inserts of foreign DNA up to about 300
kilobase (kb) in length. Larger DNA frag-
ments are cloned using yeast artificial
chromosomes (YACs). These are linear vec-
tors derived from a circular plasmid found
naturally in baker’s yeast (Saccharomyces
cerevisiae) and capable of accommodating
DNA inserts of up to 1000 kb. YACs have a
*centromere, enabling them to undergo
normal segregation in the yeast host dur-
ing cell division, and *telomeres; thus
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they behave like mini-chromosomes.
YAC:s are used for cloning eukaryotic
genes or gene segments, for making
*DNA libraries of organisms with large
genomes (e.g. mammals), and for studying
gene function.

artificial insemination (Al) The depo-
sition of semen, using a syringe, at the
mouth of the uterus to make conception
possible. It is used in the selective *breed-
ing of domestic animals and also in hu-
mans in some cases of impotence and
infertility. It is timed to coincide with ovu-
lation in the female.

artificial intelligence (Al) A field of
computing concerned with the produc-
tion of programs that perform tasks re-
quiring intelligence when done by people.
These tasks include playing games, such
as chess or draughts, forming plans, un-
derstanding speech and natural lan-
guages, interpreting images, reasoning,
and learning.

artificial selection The modification of
species, traditionally by selective *breed-
ing. Animals or plants with desirable char-
acteristics are interbred with the aim of
altering the *genotype and producing a
new strain of the organism for a specific
purpose. For example, sheep are bred by
means of artificial selection in order to
improve wool quality. Traditional breed-
ing techniques have been supplemented,
and in many cases supplanted, by genetic
engineering, genetic testing, and embryo
manipulation. Sequencing the genomes of
commercially important animal and plant
species has enabled the inheritance of de-
sired genes to be monitored directly by
molecular methods, instead of by pheno-
typic analysis. These methods have simul-
taneously opened up new approaches to
selection and enabled it to become more
refined and focused.

artinite A mineral form of basic *mag-
nesium carbonate,

MgCO5.Mg(OH),.3H,0.

Artiodactyla An order of hooved mam-
mals comprising the even-toed ungulates,
in which the third and fourth digits are
equally developed and bear the weight of
the body. The order includes cattle and

other ruminants (see RUMINANTIA), camels,
hippopotamuses, and pigs. All except the
latter are herbivorous, having an elon-
gated gut and teeth with enamel ridges
for grinding tough grasses. Compare PERIS-
SODACTYLA.

aryl group A group obtained by remov-
ing a hydrogen atom from an aromatic
compound, e.g. phenyl group, CcHs-, de-
rived from benzene.

aryne A compound that can be regarded
as formed from an arene by removing two
adjacent hydrogen atoms to convert a
double bond into a triple bond. Arynes are
transient intermediates in a number of re-
actions. The simplest example is *ben-
zyne.

asbestos Any one of a group of fibrous
amphibole minerals (amosite, crocidolite
(blue asbestos), tremolite, anthophyllite,
and actinolite) or the fibrous serpentine
mineral chrysotile. Asbestos has wide-
spread commercial uses because of its re-
sistance to heat, chemical inertness, and
high electrical resistance. The fibres may
be spun and woven into fireproof cloth for
use in protective clothing, curtains, brake
linings, etc., or moulded into blocks. Since
the 1970s short asbestos fibres have been
recognized as a cause of asbestosis, a seri-
ous lung disorder, and mesothelioma, a
fatal form of lung cancer. These concerns
have limited its use and imposed many
safety procedures when it is used. Canada
is the largest producer of asbestos; others
include Russia, South Africa, Zimbabwe,
and China.

ASCIl (pronounced askey) American
standard code for information inter-
change: a standard scheme for encoding
the letters A-Z, a-z, digits 0-9, punctua-
tion marks, and other special and control
characters in binary form. Originally de-
veloped in the US, it is widely used in
many computers and for interchanging
information between computers. Charac-
ters are encoded as strings of seven *bits,
providing 27 or 128 different bit patterns.
International 8-bit codes that are exten-
sions of ASCII have been published by the
International Standards Organization;
these allow the accented Roman letters
used in European languages, as well as



59

associative law

Cyrillic, Arabic, Greek, and Hebrew char-
acters, to be encoded.

Ascomycota A phylum of fungi, for-
merly classified as a class (Ascomycetes) or
a subdivision (Ascomycotina). It includes
the *yeasts, some species of edible fungi,
and Claviceps purpurea, which causes ergot
in rye. Many are fungal partners of
*lichens. Sexual reproduction is by means
of ascospores, eight of which are charac-
teristically produced within a spherical or
cylindrical cell, the ascus. The asci are
usually grouped together in an ascocarp.

ascorbic acid See viTAMIN C.

asexual reproduction Reproduction in
which new individuals are produced from
a single parent without the formation of
gametes. It occurs chiefly in lower ani-
mals, microorganisms, and plants. In
microorganisms and lower animals the
chief methods are *fission (e.g. in protoc-
tists), *fragmentation (e.g. in some aquatic
annelid worms), and *budding (e.g. in
cnidarians and yeasts). The principal
methods of asexual reproduction in plants
are by *vegetative propagation (e.g. bulbs,
corms, tubers) and by the formation of
*spores. Spore formation occurs in
mosses, ferns, and other plants showing
alternation of generations, as a dormant
stage between sporophyte and gameto-
phyte, and in some algae and fungi, to
produce replicas of the organism. Compare
SEXUAL REPRODUCTION.

asparagine See AMINO ACID.
aspartic acid See AMINO ACID.

Aspect experiment An experiment
conducted by the French physicist Alain
Aspect (1947- ) and his colleagues in the
early 1980s to test Bell’s inequality (see
BELL’S THEOREM). The experiment involves
producing pairs of photons from a source
of excited calcium ions. The photons have
different wavelengths and filters are used
to ensure that the photons in a pair travel
to different detectors in different direc-
tions. The photons are circularly polarized
and the net angular momentum of the
pair is zero. Two polarizing filters are
used, each placed at an angle in the path
of the photons. These filters either reflect
or transmit photons of different linear po-
larization to one of four detectors (two for

each polarizing filter). Coincidence meas-
urements are made using these detectors
and the experiment is organized so that
the measurements apply only to photons
separated to a point at which they cannot
communicate by sending a signal at the
speed of light. The results are generally
believed to show that there are no local
*hidden variables in quantum mechanics.

aspirin (acetylsalicylic acid) A drug that
reduces inflammation, combats fever, and
alleviates pain. Aspirin works by inhibit-
ing the formation of *prostaglandins,
which are major factors in the inflamma-
tion process. It also reduces the aggrega-
tion of blood platelets, hence its use in
maintaining blood flow following heart
and circulatory disorders.

assimilation The utilization by a living
organism of absorbed food materials in
the processes of growth, reproduction, or
repair.

association 1. (in ecology) An ecological
unit in which two or more species occur
in closer proximity to one another than
would be expected on the basis of chance.
Early plant ecologists recognized associa-
tions of fixed composition on the basis of
the *dominant species present (e.g. a
coniferous forest association). Associations
now tend to be detected by using more
objective statistical sampling methods. See
also CONSOCIATION. 2. (in chemistry) The
combination of molecules of one sub-
stance with those of another to form
chemical species that are held together by
forces weaker than normal chemical
bonds. For example, ethanol and water
form a mixture (an associated liquid) in
which hydrogen bonding holds the differ-
ent molecules together.

association centre The part of the
brain that links a primary sensory area
(the part of the cerebral cortex that re-
ceives primary sensory impulses) with
other parts of the brain, such as memory
and motor areas, and deals with the inter-
pretation and meaning of the primary
sensory input. For example, the auditory
association area interprets a ‘moo’ sound
as that coming from a cow.

associative law The mathematical law
stating that the value of an expression is



astatic galvanometer

60

independent of the grouping of the num-
bers, symbols, or terms in the expression.
The associative law for addition states
that numbers may be added in any order,
e.g. (x+y)+z=(x+z) +y. The associative
law for multiplication states that numbers
can be multiplied in any order, e.g. x(yz) =
(xy)z. Subtraction and division are not as-
sociative. Compare COMMUTATIVE LAW; DIS-
TRIBUTIVE LAW.

astatic galvanometer A sensitive
form of moving-magnet *galvanometer in
which any effects of the earth’s magnetic
field are cancelled out. Two small oppo-
sitely directed magnets are suspended at
the centres of two oppositely wound coils.
As its resultant moment on the magnets
is zero, the earth’s field has no effect and
the only restoring torque on the magnets
is that provided by the suspending fibre.
This makes a sensitive but delicate instru-
ment.

astatine Symbol At. A radioactive *halo-
gen element; a.n. 85; r.a.m. 211; m.p.
302°C; b.p. 337°C. It occurs naturally by
radioactive decay from uranium and tho-
rium isotopes. Astatine forms at least 20
isotopes, the most stable astatine-210 has
a half-life of 8.3 hours. It can also be pro-
duced by alpha bombardment of bis-
muth-200. Astatine is stated to be more
metallic than iodine; at least 5 oxidation
states are known in aqueous solutions. It
will form interhalogen compounds, such
as Atl and AtCl. The existence of At, has
not yet been established. The element was
synthesized by nuclear bombardment in
1940 by D. R. Corson, K. R. MacKenzie,
and E. Segre at the University of Califor-
nia.

aster A starlike arrangement of micro-
tubules radiating from a *centrosome.
Asters become conspicuous in animal
cells at the ends of the *spindle when cell
division starts. They are believed to help
locate the spindle in relation to the cell’s
boundaries and to trigger cleavage of the
cytoplasm when nuclear division is com-
pleted.

asterism A pattern of stars that forms a
separate entity within a larger constella-
tion. For example, the Plough forms an as-
terism within the constellation Ursa
Major (Great Bear).

asteroids (minor planets; planetoids) A
number of small bodies that revolve
around the sun between the orbits of
Mars and Jupiter in a zone between 1.7
and 4.0 astronomical units from the sun
(the asteroid belt). The size of the bodies
varies from the largest, Ceres (with a di-
ameter of 933 km), to objects less than

1 km in diameter. It is estimated that
there are about 10 bodies with diameters
in excess of 250 km and some 120 bodies
with diameters over 130 km.

asthenosphere A layer of the earth’s
mantle (see EARTH) that underlies the
lithosphere at a depth of about 70 km.
The velocity of *seismic waves is consider-
ably reduced in the asthenosphere and it
is thought to be a zone of partial melting.
It extends to a depth of about 250 km
where rocks are solid.

astigmatism A lens defect in which
rays in one plane are in focus when those
in another plane are not. In lenses and
mirrors it occurs with objects not on the
axis and is best controlled by reducing the
*aperture to restrict the use of the lens or
mirror to its central portion. The eye can
also suffer from astigmatism, usually
when the cornea is not spherical. It is cor-
rected by using an *anastigmatic lens.

Aston, Francis William (1877-1945)
British chemist and physicist, who until
1910 worked at Mason College (later Bir-
mingham University) and then with J. J.
*Thomson at Cambridge University. In
1919 Aston designed the mass spectro-
graph (see MASS SPECTROSCOPY), for which
he was awarded the Nobel Prize for chem-
istry in 1922. With it he discovered the
*isotopes of neon, and was thus able to
explain nonintegral atomic weights.

astrobleme A fairly ancient circular
crater in the earth’s crust formed by the
impact of a meteorite. It is caused by the
explosion of the meteorite on impact and
characteristically gives rise to shatter
cones in the adjacent rocks. The largest
astroblemes range in size from 6 to 40
kilometres across.

astrometry The branch of astronomy
concerned with the measurement of the
positions of the celestial bodies on the
*celestial sphere.
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atoll

astronomical telescope See
TELESCOPE.

astronomical unit (AU) The mean dis-
tance between the sun and the earth. It is
equal to 149 597 870 km (499 light sec-
onds).

astronomy The study of the universe
beyond the earth’s atmosphere. The main
branches are *astrometry, *celestial me-
chanics, and *astrophysics.

astrophysics The study of the physical
and chemical processes involving astro-
nomical phenomena. Astrophysics deals
with stellar structure and evolution (in-
cluding the generation and transport of
energy within stars), the properties of the
interstellar medium and its interactions
with stellar systems, and the structure
and dynamics of systems of stars (such as
clusters and galaxies), and of systems of
galaxies. See also COSMOLOGY.

asymmetric atom See oPTICAL
ACTIVITY.

asymptote A line that a curve ap-
proaches but only touches at infinity.

asymptotic freedom The consequence
of certain *gauge theories, particularly
*quantum chromodynamics, that the
forces between such particles as quarks
become weaker at shorter distances (i.e.
higher energies) and vanish as the dis-
tance between particles tends to zero.
Only non-Abelian gauge theories with un-
broken gauge symmetries can have
asymptotic freedom (see GROUP). In con-
trast, *quantum electrodynamics implies
that the interaction between particles de-
creases as a result of dielectric screening;
asymptotic freedom for quarks implies
that antiscreening occurs. Physically,
asymptotic freedom postulates that the
*vacuum state for gluons is a medium
that has colour paramagnetism, i.e. the
vacuum antiscreen colour charges.
Asymptotic freedom explains the suc-
cesses of the *parton model of pointlike
objects inside hadrons and enables sys-
tematic corrections to the parton model
to be calculated using perturbation
theory. That the interaction between
quarks increases as the distance between
them increases has given rise to the hy-
pothesis of *quark confinement. It ap-

pears that if a theory requires the pres-
ence of Higgs bosons, asymptotic freedom
is destroyed. Thus, *electroweak theory
does not have asymptotic freedom.

asymptotic series A series formed by
the expansion of a function in the form
Qg+ ayfx + ayfx? + ... + a,[x" + ..., such that
the error resulting from terminating the
series at the term a,/x" tends to zero more
rapidly than 1/x" as x tends to infinity. An
asymptotic series expansion is not neces-
sarily a *convergent series.

atactic polymer See POLYMER.

atlas The first *cervical vertebra, a ring-
like bone that joins the skull to the ver-
tebral column in terrestrial vertebrates. In
advanced vertebrates articulation between
the skull and atlas permits nodding move-
ments of the head. See also AXIs.

atm. See ATMOSPHERE.

atmolysis The separation of a mixture
of gases by means of their different rates
of diffusion. Usually, separation is effected
by allowing the gases to diffuse through
the walls of a porous partition or mem-
brane.

atmosphere 1. Symbol atm. A unit of
pressure equal to 101 325 pascals. This is
equal to 760.0 mmHg. The actual *atmos-
pheric pressure fluctuates around this
value. The unit is usually used for express-
ing pressures well in excess of standard
atmospheric pressure, e.g. in high-
pressure chemical or physical processes.
2. See EARTH’S ATMOSPHERE.

atmospheric pressure The pressure
exerted by the weight of the air above it
at any point on the earth’s surface. At sea
level the atmosphere will support a col-
umn of mercury about 760 mm high. This
decreases with increasing altitude. The
standard value for the atmospheric pres-
sure at sea level in SI units is 101 325 pas-
cals.

atoll A circular or elliptical coral reef
that encloses a shallow central lagoon. It
may be continuous or, more often, bro-
ken into closely spaced islets. The water
outside the reefis deep. Atolls range in
size from a few kilometres to more than
100 km across and are most often found
in the Pacific Ocean. They represent the
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craters of volcanic islands that have sunk
as coral grew on or around the rim.

atom The smallest part of an element
that can exist. Atoms consist of a small
dense nucleus of protons and neutrons
surrounded by moving electrons. The
number of electrons equals the number of
protons so the overall charge is zero. The
electrons may be thought of as moving in
circular or elliptical orbits (see BOHR
THEORY) or, more accurately, in regions of
space around the nucleus (see ORBITAL).
The electronic structure of an atom
refers to the way in which the electrons
are arranged about the nucleus, and in
particular the *energy levels that they oc-
cupy. Each electron can be characterized
by a set of four quantum numbers, as fol-
lows:
(1) The principal quantum number n gives
the main energy level and has values 1, 2,
3, etc. (the higher the number, the further
the electron from the nucleus). Tradition-
ally, these levels, or the orbits correspond-
ing to them, are referred to as shells and
given letters K, L, M, etc. The K-shell is the
one nearest the nucleus. The maximum
number of electrons in a given shell is
2n2.
(2) The orbital quantum number [, which
governs the angular momentum of the
electron. The possible values of | are
(n-1), (n-2), ..., 1, 0. Thus, in the first
shell (n = 1) the electrons can only have
angular momentum zero (I = 0). In the
second shell (n = 2), the values of I can be
1 or 0, giving rise to two subshells of
slightly different energy. In the third
shell (n = 3) there are three subshells, with
1=2, 1, or 0. The subshells are denoted by
letterss (1=0), p(I=1),d (1=2), f(1=3).
The number of electrons in each subshell
is written as a superscript numeral to the
subshell symbol, and the maximum num-
ber of electrons in each subshell is %, p®,
d', and f*. The orbital quantum number
is sometimes called the azimuthal quan-
tum number.
(3) The magnetic quantum number m,
which governs the energies of electrons in
an external magnetic field. This can take
values of +, +1-1), ..., 1,0, -1, ..., -(I- 1),
-1. In an s-subshell (i.e. I = 0) the value of
m= 0. In a p-subshell (I= 1), m can have
values +1, 0, and -1; i.e. there are three

p-orbitals in the p-subshell, usually desig-
nated p,, p,, and p,. Under normal circum-
stances, these all have the same energy
level.
(4) The spin quantum number m,, which
gives the spin of the individual electrons
and can have the values +2 or -%-.
According to the *Pauli exclusion prin-
ciple, no two electrons in the atom can
have the same set of quantum numbers.
The numbers define the quantum state of
the electron, and explain how the elec-
tronic structures of atoms occur. See
Chronology: Atomic Theory.

atomic absorption spectroscopy
(AAS) An analytical technique in which a
sample is vaporized and the nonexcited
atoms absorb electromagnetic radiation at
characteristic wavelengths.

atomic bomb Se¢ NUCLEAR WEAPONS.

atomic clock An apparatus for measur-
ing or standardizing time that is based on
periodic phenomena within atoms or mol-
ecules. See AMMONIA CLOCK; CAESIUM
CLOCK.

atomic emission spectroscopy An
analytical technique in which a sample is
vaporized and the atoms present are de-
tected by their emission of electromag-
netic radiation at characteristic
wavelengths.

atomic energy Sece NUCLEAR ENERGY.

atomic force microscope (AFM) A
type of microscope in which a small
probe, consisting of a tiny chip of dia-
mond, is held on a spring-loaded can-
tilever in contact with the surface of the
sample. The probe is moved slowly across
the surface and the tracking force be-
tween the tip and the surface is moni-
tored. The probe is raised and lowered so
as to keep this force constant, and a
profile of the surface is produced. Scan-
ning the probe over the sample gives a
computer-generated contour map of the
surface. The instrument is similar to the
*scanning tunnelling microscope, but
uses mechanical forces rather than elec-
trical signals. It can resolve individual
molecules and, unlike the scanning tun-
nelling microscope, can be used with non-
conducting samples, such as biological
specimens.
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ATOMIC THEORY

¢.430 8c Greek natural philosopher Empedocles (d. c. 430 sc) proposes that all
matter consists of four elements: earth, air, fire, and water.

€.400 BcC Greek natural philosopher Democritus of Abdera (c. 460-370 8c)
proposes that all matter consists of atoms.

306 BC Greek philosopher Epicurus (c. 342-270 sc) champions Democritus’
atomic theory.

1649 French philosopher Pierre Gassendi (1592—1655) proposes an atomic
theory (having read Epicurus).

1803 John Dalton proposes Dalton’s atomic theory.

1897 J. J. Thomson discovers the electron.

1904 J. J. Thomson proposes his ‘plum pudding’ model of the atom, with
electrons embedded in a nucleus of positive charges.

Japanese physicist Hantaro Nagaoka (1865-1950) proposes a
‘Saturn’ model of the atom with a central nucleus having a ring of
many electrons.

1911 Ernest Rutherford discovers the atomic nucleus.

1913 Niels Bohr proposes model of the atom with a central nucleus
surrounded by orbiting electrons.

British physicist Henry Moseley (1887-1915) equates the positive
charge on the nucleus with its atomic number.
Frederick Soddy discovers isotopes.

1916 German physicist Arnold Sommerfield (1868-1951) modifies Bohr's
model of the atom specifying elliptical orbits for the electrons.

1919 Ernest Rutherford discovers the proton.

1920 Ernest Rutherford postulates the existence of the neutron.

1926 Erwin Schrodinger proposes a wave-mechanical model of the atom
(with electrons represented as wave trains).

1932 James Chadwick discovers the neutron.

Werner Heisenberg proposes a model of the atomic nucleus in which
protons and neutrons exchange electrons to achieve stability.

1936 Niels Bohr proposes a ‘liquid drop’ model of the atomic nucleus.

1948 German-born US physicist Maria Goeppert-Mayer (1906-72) and
German physicist Hans Jensen (1907-73) independently propose the
‘shell’ structure of the nucleus.

1950 Danish physicist physicist Aage Bohr (1922— ) and US physicists
Benjamin Mottelson (1926— ) and Leo Rainwater (1917-86)
combine the ‘liquid-drop’ and ‘shell’ models of the nucleus into a sin-
gle theory.

atomicity The number of atoms in a mass used to express *relative atomic

given molecule. For example, oxygen (O,)  masses. It is 1/12 of the mass of an atom
has an atomicity of 2, ozone (O) an atom-  of the isotope carbon-12 and is equal to
icity of 3, benzene (CqHg) an atomicity of 1 660 33 x 102 kg. This unit superseded

12, etc.

both the physical and chemical mass

atomic mass unit (a.m.u.) A unit of units based on oxygen-16 and is some-
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times called the unified mass unit or the
dalton.

atomic number (proton number) Sym-
bol Z. The number of protons in the nu-
cleus of an atom. The atomic number is
equal to the number of electrons orbiting
the nucleus in a neutral atom.

atomic orbital Sec ORBITAL.

atomic pile An early form of *nuclear
reactor using graphite as a *moderator.

atomic volume The relative atomic
mass of an element divided by its density.

atomic weight See RELATIVE ATOMIC
MASS.

ATP (adenosine triphosphate) A nu-
cleotide that is of fundamental impor-
tance as a carrier of chemical energy in all
living organisms. It consists of adenine
linked to p-ribose (i.e. adenosine); the p-
ribose component bears three phosphate
groups, linearly linked together by cova-
lent bonds (see formula). These bonds can
undergo hydrolysis to yield either a mol-
ecule of ADP (adenosine diphosphate) and
inorganic phosphate or a molecule of
AMP (adenosine monophosphate) and
pyrophosphate (see ATPASE). Both these re-
actions yield a large amount of energy
(about 30.6 k] mol™") that is used to bring
about such biological processes as muscle
*contraction, the *active transport of ions
and molecules across cell membranes,
and the synthesis of biomolecules. The re-
actions bringing about these processes
often involve the enzyme-catalysed trans-
fer of the phosphate group to intermedi-

ate substrates. Most ATP-mediated reac-
tions require Mg?* ions as *cofactors.

ATP is regenerated by the rephosphory-
lation of AMP and ADP using the chemical
energy obtained from the oxidation of
food. This takes place during *glycolysis
and the *Krebs cycle but, most signifi-
cantly, is also a result of the reduction-
oxidation reactions of the *electron trans-
port chain, which ultimately reduces mo-
lecular oxygen to water (*oxidative
phosphorylation). ATP is also formed by
the light-dependent reactions of *photo-
synthesis.

ATPase An enzyme that brings about
the hydrolysis of ATP. This results in the
cleavage of either one phosphate group,
with the formation of ADP and inorganic
phosphate (P;), or of two phosphate
groups, with the formation of AMP and
pyrophosphate (PP;); the second reaction
yields twice as much energy as the first.
ATPase activity is associated with many
energy-consuming processes; for example,
in muscle contraction it is associated with
*myosin when activated by actin.

atrioventricular node (AVN) A special-
ized group of *cardiac muscle fibres situ-
ated in the fibrous ring between the right
atrium and ventricle of the heart. The
AVN is the only pathway between the
atria and the ventricles through which
electrical impulses can pass. Thus, follow-
ing the contraction of the atria, the AVN
initiates a wave of contraction in the ven-
tricles via the *bundle of His.

atrium 1. (auricle) A chamber of the

adenosine
NH,
N
o [on (on / AN
| | | | adenine
P
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*heart that receives blood from the veins
and forces it by powerful muscular con-
traction into the *ventricle(s). Fish have a
single atrium but all other vertebrates
have two. 2. Any of various cavities or
chambers in animals, such as the cham-
ber surrounding the gill slits of the
lancelet and other invertebrate chordates.

atrophy The degeneration or withering
of an organ or part of the body.

atropine A poisonous crystalline alka-
loid, C;,H,3NO5; m.p. 118-119°C. It can be
extracted from deadly nightshade and
other solanaceous plants and is used in
medicine to treat colic, to reduce secre-
tions, and to dilate the pupil of the eye.

attenuation 1. (in physics) a. A loss of
intensity suffered by sound, radiation,
etc., as it passes through a medium. It
may be caused by absorption or scatter-
ing. b. The drop in voltage or current ex-
perienced by a signal as it passes through
a circuit. 2. (in medicine) A process of re-
ducing the disease-producing ability of a
microorganism. It can be achieved by
chemical treatment, heating, drying, irra-
diation, by growing the organism under
adverse conditions, or by serial passage
through another organism. Attenuated
bacteria or viruses are used for some *vac-
cines. 3. (in mycology) The conversion by
yeasts of carbohydrates to alcohol, as in
brewing and wine and spirit production.

atto- Symbol a. A prefix used in the met-
ric system to denote 107'8. For example,
1078 second = 1 attosecond (as).

attractor The set of points in *phase
space to which the representative point of
a dissipative system (i.e. one with internal
friction) tends as the system evolves. The
attractor can be: a single point; a closed
curve (a limit cycle), which describes a sys-
tem with periodic behaviour; or a *fractal
(or strange attractor), in which case the
system exhibits *chaos. See also BRUSSELA-
TOR.

AU See ASTRONOMICAL UNIT.

audibility The state of being perceptible
to hearing. The limits of audibility of the
human ear are between about 20 hertz (a
low rumble) and 20 000 hertz (a shrill

whistle). With increased age the upper
limit falls quite considerably.

audiofrequency A frequency that is au-
dible to the human ear. See AUDIBILITY.

audiometer An instrument that gener-
ates a sound of known frequency and in-
tensity in order to measure an individual’s
hearing ability.

auditory Of or relating to the *ear. For

example, the auditory meatus is the canal
leading from the pinna to the tympanum
(eardrum).

auditory nerve The nerve that trans-
mits sensory information from the ear to
the brain.

Aufbau principle A principle that gives
the order in which orbitals are filled in
successive elements in the periodic table.
The order of filling is 1s, 2s, 2p, 3s, 3p, 4s,
3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d.
See ATOM.

Auger effect The ejection of an elec-
tron from an atom without the emission
of an X- or gamma-ray photon, as a result
of the de-excitation of an excited electron
within the atom. This type of transition
occurs in the X-ray region of the emission
spectrum. The kinetic energy of the
ejected electron, called an Auger electron,
is equal to the energy of the correspond-
ing X-ray photon minus the binding en-
ergy of the Auger electron. The effect was
discovered by Pierre Auger (1899-1994) in
1925.

auric compounds Compounds of gold
in its higher (+3) oxidation state; e.g. auric
chloride is gold(IIl) chloride (AuCly).

auricle 1. See ATRIUM. 2. See PINNA.

aurora The luminous phenomena seen
in the night sky in high latitudes, occur-
ring most frequently near the earth’s geo-
magnetic poles. The displays of aurora
appear as coloured arcs, rays, bands,
streamers, and curtains, usually green or
red. The aurora is caused by the interac-
tion of the atoms (mainly atomic oxygen)
and molecules in the upper atmosphere
(above about 100 km) with charged parti-
cles streaming from the sun, attracted to
the auroral regions by the earth’s mag-
netic field. The aurora is known as the
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aurora borealis (or northern lights) in the
northern hemisphere and as the aurora
australis (or southern lights) in the south-
ern hemisphere.

aurous compounds Compounds of
gold in its lower (+1) oxidation state; e.g.
aurous chloride is gold(I) chloride (AuCl).

austenite See STEEL.

Australopithecus A genus of fossil pri-
mates that lived 4-2 million years ago, co-
existing for some of this time with early
forms of humans (see Hom0). They walked
erect and had teeth resembling those of
modern humans, but the brain capacity
was less than one-third that of a modern
human. Various finds have been made,
chiefly in East and South Affrica (hence the
name, which means ‘southern ape’). The
earliest belong to the species A. afarensis,
which includes the specimen of a female,
dubbed ‘Lucy’, found at Laetoli in Tanza-
nia. Australopithecus and related genera are
known as australopithecines.

autecology The study of ecology at the
level of the species. An autecological
study aims to investigate the ecology of
*populations or individuals of a particular
species, including habitat, distribution,
life cycle, etc. This should enable a full de-
scription of the *ecological niche of the
organism to be made. Compare SYNECOL-
0GY.

autocatalysis *Catalysis in which one
of the products of the reaction is a cata-
lyst for the reaction. Reactions in which
autocatalysis occurs have a characteristic
S-shaped curve for reaction rate against
time - the reaction starts slowly and in-
creases as the amount of catalyst builds
up, falling off again as the products are
used up.

autoclave A strong steel vessel used for
carrying out chemical reactions, steriliza-
tions, etc., at high temperature and pres-

sure.

autogamy 1. A type of reproduction
that occurs in single isolated individuals
of ciliate protozoans of the genus Parame-
cium. The nucleus divides into two geneti-
cally identical haploid nuclei, which then
fuse to form a diploid zygote. The onset of
autogamy is associated with changing en-

vironmental conditions and may be neces-
sary to maintain cell vitality. 2. Self-
fertilization in plants. See FERTILIZATION.

autograft See GRAFT.

autoimmunity A disorder of the body’s
defence mechanisms in which an *im-
mune response is elicited against its own
tissues, which are thereby damaged or de-
stroyed. Rheumatoid arthritis, systemic
lupus erythematosus, myasthenia gravis,
and several forms of thyroid dysfunction
are examples of autoimmune diseases.

autolysis The process of self-destruction
of a cell, cell organelle, or tissue. It occurs
by the action of enzymes within or re-
leased by *lysosomes. See also LYSIS.

autonomic nervous system (ANS)
The part of the vertebrate *peripheral
nervous system that supplies stimulation
via motor nerves to the smooth and car-
diac muscles (the involuntary muscles)
and to the glands of the body. It is divided
into the *parasympathetic and the *sym-
pathetic nervous systems, which tend to
work antagonistically on the same organs.
The activity of the ANS is controlled prin-
cipally by the *medulla oblongata and
*hypothalamus of the brain.

autopolyploid A *polyploid organism
in which the multiple sets of chromo-
somes are all derived from the same
species. For example, doubling of the
chromosome number during mitotic cell
division, possibly induced by *colchicine,
gives rise to a tetraploid known as an
autotetraploid. Compare ALLOPOLYPLOID.

autoradiography An experimental
technique in which a radioactive speci-
men is placed in contact with (or close to)
a photographic plate, so as to produce a
record of the distribution of radioactivity
in the specimen. The film is darkened by
the ionizing radiation from radioactive
parts of the sample. Autoradiography has
a number of applications, being used par-
ticularly to study the distribution of par-
ticular substances in living tissues, cells,
and cultures. A radioactive isotope of the
substance is introduced into the organism
or tissue, which is killed, sectioned, and
examined after enough time has elapsed
for the isotope to be incorporated into the
substance. Autoradiography is also used to
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locate radioactively labelled DNA probes
or antibodies in such techniques as
*Southern blotting and *Western blot-
ting.

autosome Any of the chromosomes in a
cell other than the *sex chromosomes.

autotomy The shedding by an animal
of part of its body followed by the regen-
eration of the lost part. Autotomy is
achieved by the contraction of muscles at
specialized regions in the body. It serves
as a protective mechanism if the animal is
damaged or attacked (e.g. tail loss in cer-
tain reptiles) and is common as a method
of asexual reproduction in polychaete
worms, in which both new head and tail
regions may be regenerated.

autotrophic nutrition A type of nutri-
tion in which organisms synthesize the
organic materials they require from inor-
ganic sources. Chief sources of carbon and
nitrogen are carbon dioxide and nitrates,
respectively. All green plants are auto-
trophic and use light as a source of energy
for the synthesis, i.e. they are photo-
autotrophic (see PHOTOSYNTHESIS). Some
bacteria are also photoautotrophic; others
are chemoautotrophic, using energy de-
rived from chemical processes (see CHEMO-
SYNTHESIS). Compare HETEROTROPHIC
NUTRITION.

auxanometer Any mechanical instru-
ment or measuring device used to study
the growth or movement of plant organs.
One type of auxanometer consists of a
recording device that translates any in-
crease in stem height into movement of a
needle across a scale.

auxin Any of a group of plant *growth
substances responsible for such processes
as the promotion of growth by cell en-
largement, the maintenance of *apical
dominance, and the initiation of root for-
mation in cuttings. Auxins are also in-
volved in suppressing the *abscission of
leaves, fruits, or other plant organs and in
the development of flowers and fruits.
Naturally occurring auxins, principally in-
doleacetic acid (IAA), are synthesized in
actively growing regions of the plant,
from where they are transported to other
parts. Synthetic auxins include 2,4-D,
which is used as a weedkiller, and indole-

butyric acid and naphthaleneacetic acid,
which are sold in preparations of ‘rooting
hormones’.

auxochrome A group in a dye molecule
that influences the colour due to the
*chromophore. Auxochromes are groups,
such as -OH and -NH,, containing lone
pairs of electrons that can be delocalized
along with the delocalized electrons of
the chromophore. The auxochrome
intensifies the colour of the dye. Formerly,
the term was also used of such groups as
-S0,07, which make the molecule soluble
and affect its application.

avalanche A shower of ionized particles
created by a single *ionization as a result
of secondary ionizations caused by the
original electron and ion being acceler-
ated in an electric field. Each ionization
leads to the formation of more electrons
and ions, which themselves cause further
ionizations. Such avalanches occur in a
*Geiger counter.

average (mean) 1. The arithmetic aver-
age of a set of n numbers is the sum of
the numbers divided by n. 2. The geo-
metric average of a set of n numbers is the
nth root of their product. See also ROOT-
MEAN-SQUARE VALUE.

Aves The birds: a class of bipedal verte-
brate chordates (see CHORDATA) with
*feathers, wings, and a beak. They
evolved from reptilian ancestors, probably
in the Jurassic period (190-136 million
years ago), and modern birds still have
scaly legs, like reptiles. Birds are warm-
blooded (see HOMOIOTHERMY). The skin is
dry and loose and has no sweat glands, so
cooling is effected by panting. Their effi-
cient lungs and four-chambered heart
(which completely separates oxygenated
and deoxygenated blood) ensure a good
supply of oxygen to the tissues. Birds can
therefore sustain a high body temperature
and level of activity necessary for *flight.
The breastbone bears a keel for the at-
tachment of flight muscles. The skeleton
is very light; many of the bones are tubu-
lar, having internal struts to provide
strength and air sacs to reduce weight and
provide extra oxygen in flight. Their feath-
ers are vital for flight, streamlining the
body, and insulation against heat loss.
Many birds show a high degree of social
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behaviour in forming large flocks and pair
bonding for nesting, egg incubation, and
rearing young. Fertilization is internal and
the female lays hard-shelled eggs. See also
RATITAE.

AVN See ATRIOVENTRICULAR NODE.

Avogadro, Amedeo (1776-1856) Ital-
ian chemist and physicist. In 1811 he pub-
lished his hypothesis (see AVOGADRO’S
LAW), which provided a method of calcu-
lating molecular weights from vapour
densities. The importance of the work re-
mained unrecognized, however, until
championed by Stanislao Cannizzaro
(1826-1910) in 1860.

Avogadro constant Symbol N, or L.
The number of atoms or molecules in one
*mole of substance. It has the value

6.022 1367(36) x 10%°, Formerly it was
called Avogadro’s number.

Avogadro’s law Equal volumes of all
gases contain equal numbers of molecules
at the same pressure and temperature.
The law, often called Avogadro’s hypothe-
sis, is true only for ideal gases. It was first
proposed in 1811 by Amedeo Avogadro.

axenic culture A *culture medium in
which only one type of microorganism is
growing. Such cultures are widely used in
microbiology to determine the basic
growth requirements or degree of inhibi-
tion by antibiotics or other chemicals of a
particular species.

axial period The time taken for a celes-
tial object to rotate once on its axis. For a
planet, measured with respect to the di-
rection of a fixed star, it is equal to a si-
dereal *day.

axial skeleton The main longitudinal
section of the vertebrate *skeleton, in-
cluding the *skull, the *vertebral column,
and the rib cage. Compare APPENDICULAR
SKELETON.

axial vector (pseudo-vector) A *vector
that does not reverse its sign when the co-
ordinate system is changed to a new sys-
tem by a reflection in the origin (i.e. x’; =
-x;). An example of an axial vector is the
*vector product of two *polar vectors,
such as L= 7 x p, where L is the *angular
momentum of a particle, r is its position

vector, and p is its momentum vector.
Compare PSEUDO-SCALAR.

axil The angle between a branch or leaf
and the stem it grows from. Axillary (or
lateral) buds develop in the axil of a leaf.
The presence of axillary buds distin-
guishes a leaf from a leaflet.

axillary bud See axiL.

axion A hypothetical elementary parti-
cle postulated to explain why there is no
observed CP violation (see CP INVARIANCE)
in the strong interaction (see FUNDAMEN-
TAL INTERACTIONS). Axions have not been
detected experimentally, although it has
been possible to put limits on their mass
and other properties from the effects that
they would have on some astrophysical
phenomena (e.g. the cooling of stars). It
has also been suggested that they may ac-
count for some or all of the *missing
mass in the universe.

axis 1. (in mathematics) a. One of a set
of reference lines used to locate points on
a graph or in a coordinate system. See
CARTESIAN COORDINATES; POLAR COORDI-
NATES. b. A line about which a figure,
curve, or body is symmetrical (axis of
symmetry) or about which it rotates (axis
of rotation). 2. (in anatomy) The second
*cervical vertebra, which articulates with
the *atlas (the first cervical vertebra,
which articulates with the skull). The ar-
ticulation between the axis and atlas in
reptiles, birds, and mammals permits
side-to-side movement of the head. The
body of the axis is elongated to form a
peg (the odontoid process), which extends
into the ring of the atlas and acts as a
pivot on which the atlas (and skull) can
turn.

axon The long threadlike part of a nerve
cell (*neuron). It carries the nerve impulse
(in the form of an *action potential) away
from the *cell body of a neuron towards
either an effector organ or the brain. See
also NERVE FIBRE.

azeotrope (azeotropic mixture; constant-
boiling mixture) A mixture of two liquids
that boils at constant composition; i.e. the
composition of the vapour is the same as
that of the liquid. Azeotropes occur be-
cause of deviations in Raoult’s law leading
to a maximum or minimum in the *boil-
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ing-point-composition diagram. When
the mixture is boiled, the vapour initially
has a higher proportion of one compo-
nent than is present in the liquid, so the
proportion of this in the liquid falls with
time. Eventually, the maximum and mini-
mum point is reached, at which the two
liquids distil together without change in
composition. The composition of an
azeotrope depends on the pressure.

azeotropic distillation A technique
for separating components of an
azeotrope by adding a third liquid to form
a new azeotrope with one of the original
components. It is most commonly used to
separate ethanol from water, adding ben-
zene to associate with the ethanol.

azides Compounds containing the ion
N;~ or the group -Ns.

azimuth 1. In horizontal coordinate sys-
tems used in astronomy, the angular dis-
tance measured eastwards along the
observer’s horizon from the south point
or sometimes the north point to the inter-
section of the vertical circle through a ce-
lestial body. 2. See POLAR COORDINATES.

azimuthal quantum number See
ATOM.

azine An organic heterocyclic compound
containing a six-membered ring formed
from carbon and nitrogen atoms. Pyridine
is an example containing one nitrogen
atom (CsHsN). Diazines have two nitrogen
atoms in the ring (e.g. C;H4N,), and iso-
mers exist depending on the relative posi-
tions of the nitrogen atoms. Triazines
contain three nitrogen atoms.

azo compounds Organic compounds
containing the group -N=N- linking two
other groups. They can be formed by reac-
tion of a diazonium ion with a benzene
ring.

azo dye See DYES.
azoimide See HYDROGEN AZIDE.

azurite A secondary mineral consisting
of hydrated basic copper carbonate,
Cu;(OH),(COs3),, in monoclinic crystalline
form. It is generally formed in the upper
zone of copper ore deposits and often oc-
curs with *malachite. Its intense azure-
blue colour made it formerly important as
a pigment. It is a minor ore of copper and
is used as a gemstone.



Babbage, Charles (1792-1871) British
mathematician who is best known for his
early work on mechanical calculating ma-
chines. He began work on his first ‘differ-
ence engine’ in 1823, but abandoned it
ten years later due to lack of funds. His
second machine of 1834 was a pro-
grammable punched-card ‘analytical en-
gine’, but this too was never completed.

Babbit metal Any of a group of related
alloys used for making bearings. They
consist of tin containing antimony (about
10%) and copper (1-2%), and often lead.
The original alloy was invented in 1839
by the US inventor Isaac Babbit (1799~
1862).

Babo’s law The vapour pressure of a
liquid is decreased when a solute is
added, the amount of the decrease being
proportional to the amount of solute dis-
solved. The law was discovered in 1847 by
the German chemist Lambert Babo
(1818-99). See also RAOULT’S LAW.

BAC See (BACTERIAL) ARTIFICIAL CHROMO-
SOME.

Bacillariophyta A phylum of *algae
comprising the diatoms. These marine or
freshwater unicellular organisms have
cell walls composed of pectin impreg-
nated with silica and consisting of two
halves, one overlapping the other. Di-
atoms are found in huge numbers in
plankton and are important in the food
chains of seas and rivers. Past deposition
has resulted in diatomaceous earths
(kieselguhr) and the oil reserves of these
species have contributed to oil deposits.

bacillus Any rod-shaped bacterium.
Generally, bacilli are large, Gram-positive,
spore-bearing, and have a tendency to
form chains and produce a *capsule.
Some are motile, bearing flagella. They
are ubiquitous in soil and air and many
are responsible for food spoilage. The
group also includes Bacillus anthracis,
which causes anthrax.

backbiting A rearrangement that can
occur in some polymerization reactions
involving free radicals. A radical that has
an unpaired electron at the end of the
chain changes into a radical with the un-
paired electron elsewhere along the
chain, the new radical being more stable
than the one from which it originates.
For example, the radical RCH,CH,CH,-
CH,CH,CH,- may change into RCH,CH-
CH,CH,CH,CHs;. The rearrangement is
equivalent to a hydrogen atom being
transferred within the molecule. The new
unpaired electron initiates further polym-
erization, with the production of poly-
mers with butyl (CH;CH,CH,CH,-) side
chains.

backbone See VERTEBRAL COLUMN.

back cross A mating between individu-
als of the parental generation (P) and the
first generation of offspring (F;) in order
to identify hidden *recessive alleles. If an
organism displays a *dominant character-
istic, it may possess two dominant alleles
(i.e. it is homozygous) or a dominant and
a recessive allele for that characteristic
(i.e. it is heterozygous). To find out which
is the case, the organism is crossed with
one displaying the recessive characteris-
tic. If all the offspring show the dominant
characteristic then the organism is homo-
zygous, but if half show the recessive
characteristic, then the organism is
heterozygous. See also TEST CROSS.

back donation A form of chemical
bonding in which a *ligand forms a
sigma bond to an atom or ion by donat-
ing a pair of electrons, and the central
atom donates electrons back by overlap
of its d-orbitals with empty p- or d-orbitals
on the ligand.

back e.m.f. An electromotive force that
opposes the main current flow in a cir-
cuit. For example, when the coils of the
armature in an electric motor are rotated
a back e.m.f. is generated in these coils by
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their interaction with the field magnet (see
INDUCTANCE). Also, in an electric cell, *po-
larization causes a back e.m.f. to be set
up, in this case by chemical means.

background radiation Low intensity
*ionizing radiation present on the surface
of the earth and in the atmosphere as a
result of *cosmic radiation and the pres-
ence of radioisotopes in the earth’s rocks,
soil, and atmosphere. The radioisotopes
are either natural or the result of nuclear
fallout or waste gas from power stations.
Background counts must be taken into ac-
count when measuring the radiation pro-
duced by a specified source. See also
MICROWAVE BACKGROUND RADIATION.

backing store Supplementary com-
puter memory, usually in the form of
magnetic disks, in which data and pro-
grams are held permanently for refer-
ence; small sections of this information
can then be copied into the main memory
(*RAM) of a computer when required for
processing. Backing store is less costly and
can hold more information than semicon-
ductor RAM, but the speed of access of in-
formation in RAM is considerably faster.
Use of a hierarchy of different memory
devices, including backing store and RAM,
greatly improves performance, efficiency,
and economy in a computer.

back titration A technique in *volu-
metric analysis in which a known excess
amount of a reagent is added to the solu-
tion to be estimated. The unreacted
amount of the added reagent is then de-
termined by titration, allowing the
amount of substance in the original test
solution to be calculated.

backup A resource that can be used as a
substitute in the event of, say, a fault in a
component or system or loss of data from
a computer file. A backup file is a copy of
a file taken in case the original is de-
stroyed or unintentionally altered and the
data lost.

bacteria A diverse group of ubiquitous
microorganisms all of which consist of
only a single *cell that lacks a distinct nu-
clear membrane and has a *cell wall of a
unique composition (see illustration). Bac-
teria constitute the prokaryotic organisms
of the living world and were traditionally

placed in a single kingdom, variously
named Bacteria or Prokaryotae. However,
it is now recognized, on the basis of dif-
ferences in ribosomal RNA structure and
nucleotide sequences (see MOLECULAR SYS-
TEMATICS), that prokaryotes form two
groups so evolutionarily distinct that they
should each be raised to the status of *do-
main: *Archaea (the archaebacteria, con-
taining a variable number of kingdoms)
and Bacteria (containing a single king-
dom, Eubacteria). The two gorups also dif-
fer in the composition of their cell walls
and the molecular structure of their mem-
brane lipids.

Generally speaking, the term ‘bacteria’
includes both archaebacteria and eubacte-
ria. Bacteria can be characterized in a
number of ways, for example by their re-
action with *Gram’s stain or on the basis
of their metabolic requirements (e.g.
whether or not they require oxygen: see
AEROBIC RESPIRATION; ANAEROBIC RESPIRA-
TION) and shape. A bacterial cell may be
spherical (see coccus), rodlike (see BACIL-
LUS), spiral (see SPIRILLUM), comma-shaped
(see viIBRIO), corkscrew-shaped (see
SPIROCHAETE), or filamentous, resembling
a fungal cell. The majority of bacteria
range in size from 0.5 to 5 um. Many are
motile, bearing *flagella, possess an outer
slimy *capsule, and produce resistant
spores (see ENDOSPORE). In general bacteria
reproduce only asexually, by simple divi-
sion of cells, but a few groups undergo a
form of sexual reproduction (see CONJUGA-
TION). Bacteria are largely responsible for
decay and decomposition of organic mat-
ter, producing a cycling of such chemicals
as carbon (see CARBON CYCLE), oxygen, ni-

capsule (not fimbriae (not always present)

always present)

slime layer
(not always present)

ribosomes

nuclear
region

flagellum

cell
membrane

cell wall

storage
granules

A generalized bacterial cell
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trogen (see NITROGEN CYCLE), and sulphur
(see SULPHUR CYCLE). A few bacteria obtain
their food by means of *photosynthesis,
including the *Cyanobacteria; some are
saprotrophs; and others are parasites,
causing disease. The symptoms of bacte-
rial infections are produced by *toxins.

bacterial artificial chromosome Sece
ARTIFICIAL CHROMOSOME.

bacterial growth curve A curve on a
graph that shows the changes in size of a
bacterial population over time in a cul-
ture. The bacteria are cultured in sterile
nutrient medium and incubated at the op-
timum temperature for growth. Samples
are removed at intervals and the number
of viable bacteria is counted. A logarith-
mic growth curve is plotted, which shows
various phases (see graph).

In the lag (or latent) phase there is only
a small increase in numbers as the bac-
teria imbibe water, and synthesize riboso-
mal RNA and subsequently enzymes, in
adjusting to the new conditions. The
length of this phase depends on which
medium was used to culture the bacteria
before the investigation and which phase
the cells are already in. As the life span
(generation time) of the cells decreases,
they enter the log (or exponential) phase,
in which the cells reach a maximum rate
of reproduction and the number of bac-
teria increases directly with time, giving a
straight slope on a logarithmic scale (see
EXPONENTIAL GROWTH). For example, the
fastest generation time for E. coli is 21
minutes. Growth rate can be estimated in

stationary phase

number ot bacteria per unit volume

time

Bacterial growth curve

this phase. With time, as the population
grows, it enters the stationary phase,
when the nutrients and electron accep-
tors are depleted and the pH drops as car-
bon dioxide and other waste poisons
accumulate. As the cell’s energy stores are
depleted the rate of cell division de-
creases. The death (or final) phase occurs
when the rate at which the bacteria die
exceeds the rate at which they are pro-
duced; the population declines as the lev-
els of nutrients fall and toxin levels
increase. See also POPULATION GROWTH.

bactericidal Capable of killing bacteria.
Common bactericides are some *antibiot-
ics, *antiseptics, and *disinfectants. Com-

pare BACTERIOSTATIC.

bacteriochlorophyll A form of chloro-
phyll found in photosynthetic bacteria,
notably the purple and green bacteria.
There are several types, designated a to g.
For example, bacteriochlorophyll a and
bacteriochlorophyll b are structurally sim-
ilar to the chlorophyll a and chlorophyll b
found in plants. Bacteriochlorophyll is lo-
cated in specialized membrane systems
(chromatophores).

bacteriology The study of bacteria, in-
cluding their identification, form, func-
tion, reproduction, and classification.
Much attention is focused on the role of
bacteria as agents of disease in animals,
including humans, and in plants, and on
methods of controlling pathogenic bac-
teria in the food chain and elsewhere in
the environment. However, bacteriolo-
gists also investigate the many benefits of
bacteria, e.g. in the production of antibiot-
ics, enzymes, and amino acids, and in
sewage treatment.

bacteriophage (phage) A virus that is
parasitic within a bacterium. Each phage
is specific for only one type of bacterium.
Most phages (virulent phages) infect,
quickly multiply within, and destroy (lyse)
their host cells. However, some (temper-
ate phages) remain dormant in their hosts
after initial infection: their nucleic acid
becomes integrated into that of the host
and multiplies with it, producing infected
daughter cells. Lysis may eventually be
triggered by environmental factors.
Phages are used experimentally to iden-
tify bacteria, to control manufacturing
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processes (such as cheese production) that
depend on bacteria, and, because they can
alter the genetic make-up of bacterial
cells, they are important tools in genetic
engineering as cloning *vectors.

bacteriostatic Capable of inhibiting or
slowing down the growth and reproduc-
tion of bacteria. Some *antibiotics are bac-
teriostatic. Compare BACTERICIDAL.

Baer, Karl Ernst von (1792-1876) Esto-
nian-born German biologist. He studied
medicine and comparative anatomy be-
fore becoming professor of zoology at
Konigsberg University in 1817. Ten years
later he discovered the mammalian ovum,
and traced its development from the
Graafian follicle to the embryo. He also
noted the similarities between the young
embryos of widely different species (the
biogenetic law).

Bakelite A trade name for certain phe-
nol-formaldehyde resins, first introduced
in 1909 by the Belgian-US chemist Leo
Hendrik Baekeland (1863-1944).

baker’'s yeast Strains of the yeast *Sac-
charomyces cerevisiae that are used in bread-
making to enable the dough to rise. Water
is added to flour, which activates the
*amylase enzymes that hydrolyse the
starch in flour to glucose. Baker’s yeast is
then added, which uses the glucose as a
substrate for *aerobic respiration. The car-
bon dioxide produced from yeast respira-
tion causes bubbles to form in the dough;
these become larger during heating in an
oven, giving bread its typical texture.

baking soda See SODIUM HYDROGENCAR-
BONATE.

balance 1. An accurate weighing device.
The simple beam balance consists of two
pans suspended from a centrally pivoted
beam. Known masses are placed on one
pan and the substance or body to be
weighed is placed in the other. When the
beam is exactly horizontal the two masses
are equal. An accurate laboratory balance
weighs to the nearest hundredth of a mil-
ligram. Specially designed balances can be
accurate to a millionth of a milligram.
More modern substitution balances use
the substitution principle. In this cali-
brated weights are removed from the sin-
gle lever arm to bring the single pan

suspended from it into equilibrium with a
fixed counter weight. The substitution bal-
ance is more accurate than the two-pan
device and enables weighing to be carried
out more rapidly. In automatic electronic
balances, mass is determined not by me-
chanical deflection but by electronically
controlled compensation of an electric
force. A scanner monitors the displace-
ment of the pan support generating a cur-
rent proportional to the displacement.
This current flows through a coil forcing
the pan support to return to its original
position by means of a magnetic force.
The signal generated enables the mass to
be read from a digital display. The mass of
the empty container can be stored in the
balance’s computer memory and automat-
ically deducted from the mass of the con-
tainer plus its contents. See also SPRING
BALANCE. 2. (in animal physiology) Equi-
librium in the posture of the body. In ver-
tebrates balance is sensed and maintained
by the *vestibular apparatus of the inner
ear. 3. (in nutrition) See DIET.

baleen Se¢e WHALEBONE.

ballistic galvanometer A moving-coil
*galvanometer designed for measuring
charge by detecting a surge of current. It
has a heavy coil with minimal damping.
When a surge of current is passed
through the coil, the initial maximum
deflection (the ‘throw’) is proportional to
the total charge that has passed.

ballistic pendulum A device used to
measure the velocity of a projectile, such
as a bullet. A large mass of relatively soft
material is suspended from a horizontal
bar and the angle through which this
mass is displaced when it is struck by the
projectile in flight enables the momen-
tum and hence the velocity of the projec-
tile to be calculated by successive
application of the laws of conservation of
linear momentum and of energy.

ballistics The study of the flight of pro-
jectiles, especially those that have a
parabolic flight path from one point on
the earth’s surface to another.

ball lightning A white or reddish lumi-
nous sphere, about 50 cm in diameter,
that sometimes appears at ground level in
a thunderstorm. Ball lightning is slow
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moving and usually disappears without
detonation. See also LIGHTNING.

Balmer series Se¢ HYDROGEN SPECTRUM.

banana bond Informal name for the
type of electron-deficient three-centre
bond holding the B-H-B bridges in *bo-
ranes and similar compounds.

band spectrum See SPECTRUM.
band theory See¢ ENERGY BAND.

bandwidth The frequency range over
which a radio signal of specified fre-
quency spreads. For example, in a
*modulation system it is the range of
frequencies occupied by the modulating
signal on either side of the carrier wave.
In an amplifier, it is the range of frequen-
cies over which the power amplification
falls within a specified fraction of the
maximum value. In an aerial it is the
range of frequencies that an aerial system
can handle without mismatch.

bar A c.g.s. unit of pressure equal to 10°
dynes per square centimetre or 10° pas-
cals (approximately 750 mmHg or 0.987
atmosphere). The millibar (100 Pa) is com-
monly used in meteorology.

barb 1. (in zoology) Any one of the stiff
filaments forming a row on each side of
the longitudinal shaft of a feather (see il-
lustration). Together the barbs form the
expanded part (vane) of the feather. See
BARBULE. 2. (in botany) A hooked hair.
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Interlocking barbs of a contour feather

barbule

barbicels

barb

barbiturate Any one of a group of
drugs derived from barbituric acid, which
have a depressant effect on the central
nervous system. Barbiturates were origi-
nally used as sedatives and sleeping pills
but their clinical use is now limited due to

their toxic side-effects; prolonged use can
lead to addiction. Specific barbiturates still
in clinical use include butobarbital, used
to treat insomnia, and thiopental, used to
induce general anaesthesia.

barbule Any of the minute filaments
forming a row on each side of the *barb
of a feather. In a *contour feather adja-
cent barbules interlock by means of hooks
(barbicels) and grooves, forming a firm
vane. Down feathers have no barbicels.

barchan See DUNE.

Bardeen, John (1908-91) US physicist,
who worked at Harvard, Minnesota Uni-
versity, and Bell Telephone Labs before
becoming a professor at the University of
Illinois in 1951. At Bell, with Walter Brat-
tain (1902-87) and William Shockley
(1910-89), he developed the point-contact
transistor. The three scientists shared the
1956 Nobel Prize for physics for this
work. In 1956, with Leon Cooper

(1930- ) and John Schrieffer (1931- ),
he formulated the BCS theory of *super-
conductivity, for which they shared the
1972 Nobel Prize.

Barfoed's test A biochemical test to de-
tect monosaccharide (reducing) sugars in
solution, devised by the Swedish physi-
cian Christen T. Barfoed (1815-99). Bar-
foed'’s reagent, a mixture of ethanoic
(acetic) acid and copper(Il) acetate, is
added to the test solution and boiled. If
any reducing sugars are present a red pre-
cipitate of copper(Il) oxide is formed. The
reaction will be negative in the presence
of disaccharide sugars as they are weaker
reducing agents.

barite See BARYTES.

barium Symbol Ba. A silvery-white reac-
tive element belonging to *group 2 (for-
merly IIA) of the periodic table; a.n. 56;
r.a.m. 137.34; r.d. 3.51; m.p. 725°C; b.p.
1640°C. It occurs as the minerals barytes
(BaSO,) and witherite (BaCO;). Extraction
is by high-temperature reduction of bar-
ium oxide with aluminium or silicon in a
vacuum, or by electrolysis of fused bar-
ium chloride. The metal is used as a getter
in vacuum systems. It oxidizes readily in
air and reacts with ethanol and water. Sol-
uble barium compounds are extremely
poisonous. It was first identified in 1774
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by Karl Scheele, and was extracted by
Humphry Davy in 1808.

barium bicarbonate See BARTUM
HYDROGENCARBONATE.

barium carbonate A white insoluble
compound, BaCOs; r.d. 4.43. It decom-
poses on heating to give barium oxide and
carbon dioxide:

BaCOj;(s) — BaO(s) + CO,(g)

The compound occurs naturally as the
mineral witherite and can be prepared by
adding an alkaline solution of a carbonate
to a solution of a barium salt. It is used as
a raw material for making other barium
salts, as a flux for ceramics, and as a raw
material in the manufacture of certain
types of optical glass.

barium chloride A white compound,
BaCl,. The anhydrous compound has two
crystalline forms: an o form (monoclinic;
r.d. 3.856), which transforms at 962°C to a
B form (cubic; r.d. 3.917; m.p. 963°C; b.p.
1560°C). There is also a dihydrate,
BaCl,.2H,0 (cubic; r.d. 3.1), which loses
water at 113°C. It is prepared by dissolv-
ing barium carbonate (witherite) in hy-
drochloric acid and crystallizing out the
dihydrate. The compound is used in the
extraction of barium by electrolysis.

barium hydrogencarbonate (barium
bicarbonate) A compound, Ba(HCO5),,
which is only stable in solution. It can be
formed by the action of carbon dioxide on
a suspension of barium carbonate in cold
water:

BaCOs(s) + CO,(g) + H,0() —»
Ba(HCO;),(aq)

On heating, this reaction is reversed.

barium hydroxide (baryta) A white
solid, Ba(OH),, sparingly soluble in water.
The common form is the octahydrate,
Ba(OH),.8H,0; monoclinic; r.d. 2.18; m.p.
78°C. It can be produced by adding water
to barium monoxide or by the action of
sodium hydroxide on soluble barium com-
pounds and is used as a weak alkali in vol-
umetric analysis.

barium oxide A white or yellowish
solid, BaO, obtained by heating barium in
oxygen or by the thermal decomposition
of barium carbonate or nitrate; cubic; r.d.

5.72; m.p. 1923°C; b.p. 2000°C. When bar-
ium oxide is heated in oxygen the perox-
ide, BaO,, is formed in a reversible
reaction that was once used as a method
for obtaining oxygen (the Brin process).
Barium oxide is now used in the manufac-
ture of lubricating-oil additives.

barium peroxide A dense off-white
solid, BaO,, prepared by carefully heating
*barium oxide in oxygen; r.d. 4.96; m.p.
450°C. It is used as a bleaching agent.
With acids, hydrogen peroxide is formed
and the reaction is used in the laboratory
preparation of hydrogen peroxide.

barium sulphate An insoluble white
solid, BaSO,, that occurs naturally as the
mineral *barytes (or heavy spar) and can
be prepared as a precipitate by adding sul-
phuric acid to barium chloride solution;
r.d. 4.50; m.p. 1580°C. The rhombic form
changes to a monoclinic form at 1149°C.
It is used as a raw material for making
other barium salts, as a pigment extender
in surface coating materials (called blanc
fixe), and in the glass and rubber indus-
tries. Barium compounds are opaque to
X-rays, and a suspension of the sulphate
in water is used in medicine to provide a
contrast medium for X-rays of the stom-
ach and intestine. Although barium com-
pounds are extremely poisonous, the
sulphate is safe to use because it is very
insoluble.

bark The protective layer of mostly dead
cells that covers the outside of woody
stems and roots. It includes the living and
dead tissues external to the xylem, includ-
ing the phloem and periderm. The term
can be used more specifically to describe
the periderm together with other tissues
isolated by the activity of the *cork cam-
bium. In some species, such as birch,
there is one persistent cork cambium but
in the older stems of certain other species
a second cork cambium becomes active
beneath the periderm and further peri-
derm layers are formed every few years.
The result is a composite tissue called
rhytidome, composed of cork, dead cor-
tex, and dead phloem cells.

Barkhausen effect The magnetization
of a ferromagnetic substance by an in-
creasing magnetic field takes place in dis-
continuous steps rather than
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continuously. The effect results from the
orientation of magnetic domains (see MAG-
NETISM). It was first observed by H.
Barkhausen (1881-1956) in 1919.

Barlow wheel See HOMOPOLAR GENERA-
TOR.

barn A unit of area sometimes used to
measure *cross sections in nuclear inter-
actions involving incident particles. It is
equal to 10728 square metre. The name
comes from the phrase ‘side of a barn’
(something easy to hit).

barograph A meteorological instru-
ment that records on paper variations in
atmospheric pressure over a period. It
often consists of an aneroid barometer op-
erating a pen that rests lightly on a rotat-
ing drum to which the recording paper is
attached.

barometer A device for measuring *at-
mospheric pressure. The mercury barome-
ter in its simplest form consists of a glass
tube about 80 cm long sealed at one end
and filled with mercury. The tube is then
inverted and the open end is submerged
in a reservoir of mercury; the mercury
column is held up by the pressure of the
atmosphere acting on the surface of mer-
cury in the reservoir. This type of device
was invented by the Italian scientist Evan-
gelista Torricelli (1608-47), who first no-
ticed the variation in height from day to
day, and constructed a barometer in 1644.

In such a device, the force exerted by
the atmosphere balanced the weight of
the mercury column. If the height of the
column is h and the cross-sectional area of
the tube is A, then the volume of the mer-
cury in the column is hA and its weight is
hAp, where p is the density of mercury.
The force is thus hApg, where g is the ac-
celeration of free fall and the pressure ex-
erted is this force divided by the area of
the tube; i.e. hpg. Note that the height of
the mercury is independent of the diame-
ter of the tube. At standard atmospheric
pressure the column is 760 mm high. The
pressure is then expressed as 760 mmHg
(101 325 pascals).

Mercury barometers of this type, with a
reservoir of mercury, are known as cistern
barometers. A common type is the Fortin
barometer, in which the mercury is held
in a leather bag so that the level in the

reservoir can be adjusted. The height is
read from a scale along the side of the
tube in conjunction with a vernier scale
that can be moved up and down. Correc-
tions are made for temperature.

The second main type of barometer is
the aneroid barometer, in which the cum-
bersome mercury column is replaced by a
metal box with a thin corrugated lid. The
air is removed from the box and the lid is
supported by a spring. Variations in at-
mospheric pressure cause the lid to move
against the spring. This movement is mag-
nified by a system of delicate levers and
made to move a needle around a scale.
The aneroid barometer is less accurate
than the mercury type but much more ro-
bust and convenient, hence its use in *al-
timeters.

baroreceptor A *receptor that re-
sponds to changes in pressure. The
*carotid sinus in the carotid artery con-
tains baroreceptors that respond to
changes in arterial pressure and are there-
fore involved in the regulation of blood
pressure and heart beat.

Barr body A structure consisting of a
condensed X chromosome (see SEX CHRO-
MosoME) that is found in nondividing nu-
clei of female mammals. The presence of
a Barr body is used to confirm the sex of
athletes in sex determination tests. It is
named after the Canadian anatomist M. L.
Barr (1908-95), who identified it in 1949.

barrel A measurement of volume,
widely used in the chemical industry,
equal to 35 UK gallons (approximately 159
litres).

barycentre The *centre of mass of a
system.

barye A c.g.s. unit of pressure equal to
one dyne per square centimetre (0.1 pas-
cal).

baryon A *hadron with half-integral
spin. Nucleons comprise a subclass of
baryons. According to currently accepted
theory, baryons are made up of three
quarks (antibaryons are made up of three
antiquarks) held together by gluons (see
ELEMENTARY PARTICLES). Baryons possess a
quantum number, called the baryon num-
ber, which is +1 for baryons, -1 for anti-
baryons, 1/3 for quarks, -1/3 for
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antiquarks, and 0 for all other particles
such as electrons, neutrinos, and photons.
Baryon number has always appeared to
have been conserved experimentally, but
*grand unified theories postulate interac-
tions at very high energies that allow it
not to be conserved. It is thought that
non-conservation of baryon number at the
high energies characteristic of the early
universe may provide an explanation for
the asymmetry between matter and anti-
matter in the universe. See PROTON DECAY.

baryta See BARTUM HYDROXIDE.

barytes (barite) An orthorhombic min-
eral form of *barium sulphate, BaSO,; the
chief ore of barium. It is usually white but
may also be yellow, grey, or brown. Large
deposits occur in Andalusia, Spain, and in
the USA.

basal body See unDULIPODIUM.

basal ganglia Small masses of nervous
tissue within the brain that connect the
*cerebrum with other parts of the ner-
vous system. They are involved with the
subconscious regulation of voluntary
movements.

basal metabolic rate (BMR) The rate
of energy metabolism required to main-
tain an animal at rest. BMR is measured in
terms of heat production per unit time
and is usually expressed in kilojoules of
heat released per square metre of body
surface per hour (k] m™2h™). It indicates
the energy consumed in order to sustain
such vital functions as heartbeat, breath-
ing, nervous activity, active transport, and
secretion. Different tissues have different
metabolic rates (e.g. the BMR of brain tis-
sue is much greater than that of bone tis-
sue) and therefore the tissue composition
of an animal determines its overall BMR.
For any comparable group of animals
(such as mammals) BMR is proportional to
body weight according to the allometric
equation (see ALLOMETRIC GROWTH); small
animals tend to have a higher metabolic
rate per unit weight than large ones.

basalt A fine-grained basic igneous rock.
It is composed chiefly of calcium-rich pla-
gioclase feldspar and pyroxene; other
minerals present may be olivine, mag-
netite, and apatite. Basalt is the common-
est type of lava.

base 1. (in chemistry) A compound that
reacts with a protonic acid to give water
(and a salt). The definition comes from the
Arrhenius theory of acids and bases. Typi-
cally, bases are metal oxides, hydroxides,
or compounds (such as ammonia) that
give hydroxide ions in aqueous solution.
Thus, a base may be either: (1) An insolu-
ble oxide or hydroxide that reacts with an
acid, e.g.

CuO(s) + 2HCl(aq) — CuCl,(aq) + H,0(1)

Here the reaction involves hydrogen ions
from the acid

CuO(s) + 2H*(aq) — H,0(1) + Cu**(aq)

(2) A soluble hydroxide, in which case the
solution contains hydroxide ions. The re-
action with acids is a reaction between hy-
drogen ions and hydroxide ions:

H*+ OH™ — H,0

(3) A compound that dissolves in water to
produce hydroxide ions. For example, am-
monia reacts as follows:

NHj;(g) + H,O(l) = NH,*(aq) + "OH

Similar reactions occur with organic
*amines (see also NITROGENOUS BASE;
AMINE SALTS). A base that dissolves in
water to give hydroxide ions is called an
alkali. Ammonia and sodium hydroxide
are common examples.

The original Arrhenius definition of a
base has been extended by the Lowry-
Bronsted theory and by the Lewis theory.
See ACID.

2. (in mathematics) a. The number of dif-
ferent symbols in a number system. In the
decimal system the base is 10; in *binary
notation it is 2. b. The number that when
raised to a certain power has a *logarithm
equal to that power. For example if 10 is
raised to the power of 3 it is equal to
1000; 3 is then the (common) logarithm of
1000 to the base 10. In natural or
Napierian logarithms the base is e. To
change the base from common to natural
logarithms the formula used is: log;qy =
log.y x logype = 0.43429log.y.

3. (in electronics) See TRANSISTOR.

base dissociation constant See p1sso-
CIATION.

basement membrane A thin sheet of
fibrous proteins that underlies and sup-
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ports the cells of an *epithelium, separat-
ing this from underlying tissue. Such
membranes also surround muscle cells,
Schwann cells, and fat cells, and a thick
basement membrane is found in the kid-
ney glomerulus, where it acts as a filter
(see ULTRAFILTRATION). Basement mem-
branes are components of the *extracellu-
lar matrix and help to regulate passage of
materials between epithelial cells and ad-
jacent blood vessels. Each consists of a
framework of *collagen fibrils, within
which are *glycosaminoglycans (muco-
polysaccharides) and laminins, proteins
that bind the basement membrane to
neighbouring cells.

base metal A common relatively inex-
pensive metal, such as iron or lead, that
corrodes, oxidizes, or tarnishes on expo-
sure to air, moisture, or heat, as distin-
guished from precious metals, such as
gold and silver.

base pair Symbol bp. A unit used at the
molecular level for measuring distances
along a duplex polynucleotide and corre-
sponding to the number of paired bases in
a particular segment of DNA (or duplex
RNA). See also BASE PAIRING; KILOBASE.

base pairing The chemical linking of
two complementary nitrogenous bases in
*DNA and in certain types of *RNA mol-
ecules. Of the four such bases in DNA,
adenine pairs with thymine and cytosine
with guanine. In RNA, thymine is re-
placed by uracil. Base pairing is responsi-
ble for holding together the two strands
of a DNA molecule to form a double helix
and for faithful reproduction and reading
of the *genetic code. The links between
bases take the form of *hydrogen bonds.

base unit A unit that is defined arbitrar-
ily rather than being defined by simple
combinations of other units. For example,
the ampere is a base unit in the SI system
defined in terms of the force produced be-
tween two current-carrying conductors,
whereas the coulomb is a derived unit,
defined as the quantity of charge trans-
ferred by one ampere in one second.

basic 1. Describing a compound that is a
base. 2. Describing a solution containing
an excess of hydroxide ions; alkaline.

BASIC A high-level computer program-

ming language. The name is short for be-
ginner’s all-purpose symbolic instruction
code. It dates from the 1960s, is easy to
learn and use, and is mainly employed in
teaching programming. There are several
variants, including Visual Basic, which is
used to program graphic user interfaces.

basic dye See DYES.
basicity constant See DISSOCIATION.

basic-oxygen process (BOP process) A
high-speed method of making high-grade
steel. It originated in the Linz-Donawitz
(L-D) process. Molten pig iron and scrap
are charged into a tilting furnace, similar
to the Bessemer furnace except that it has
no tuyeres. The charge is converted to
steel by blowing high-pressure oxygen
onto the surface of the metal through a
water-cooled lance. The excess heat pro-
duced enables up to 30% of scrap to be in-
corporated into the charge. The process
has largely replaced the Bessemer and
open-hearth processes.

basic rock An igneous rock containing a
comparatively low amount of silica (up to
45-52%) but rich in calcium or magne-
sium and iron. Examples include basalt,
dolerite, and gabbro.

basic salt A compound that can be re-
garded as being formed by replacing some
of the oxide or hydroxide ions in a base
by other negative ions. Basic salts are thus
mixed salt-oxides (e.g. bismuth(III) chlo-
ride oxide, BiOCl) or salt-hydroxides (e.g.
lead(II) chloride hydroxide, Pb(OH)CI).

basic slag *Slag formed from a basic
flux (e.g. calcium oxide) in a blast furnace.
The basic flux is used to remove acid im-
purities in the ore and contains calcium
silicate, phosphate, and sulphide. If the
phosphorus content is high the slag can
be used as a fertilizer.

basic stains See STAINING.

Basidiomycota A phylum of fungi, for-
merly classified as a class (Basidiomycetes)
or a subdivision (Basidiomycotina). Sexual
reproduction is by means of basidiospores
(spores produced externally on a club-
shaped or cylindrical cell, the basidium).
Basidia are often grouped together form-
ing fruiting structures, such as mush-
rooms, puffballs, and bracket fungi.
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Exceptions are the *rusts and *smuts,
which do not produce obvious fruiting
bodies.

basophil A type of white blood cell
(*leucocyte) that has a lobed nucleus sur-
rounded by granular cytoplasm (see GRAN-
ULOCYTE). Basophils are produced
continually by stem cells in the red bone
marrow; they are *phagocytes and - like
*mast cells - produce histamine and hep-
arin as part of the body’s defences at the
site of an infection or injury (see INFLAM-
MATION).

Basov, Nikolai Gennediyevitch
(1922-2001) Russian physicist best known
for the development of the *maser, the
precursor of the laser. In 1955, while
working as a research student with Alek-
sandr Prokhorov (1916-2000) at the Soviet
Academy of Sciences, he devised a micro-
wave amplifier based on ammonia mol-
ecules. The two scientists shared the 1964
Nobel Prize with American Charles
Townes (1915- ), who independently de-
veloped a maser.

bast An old name for *phloem.

Bateson, William (1861-1926) British
geneticist, who worked at Cambridge Uni-
versity. In 1900 he translated and champi-
oned the rediscovered work of *Mendel
and went on to study inheritance in chick-
ens. He found that some traits are con-
trolled by more than one gene. He also
coined the term ‘genetics’.

batholith A large *intrusion of igneous
rock, often surrounded by metamorphic
rock, with a surface area in excess of 100
sq km. It is an irregular mass, which may
penetrate to a great depth (up to 30 km),
and is usually associated with a mountain
belt (see OROGENESIS). Many batholiths are
composed of granite and there are often
veins of useful ores in the surrounding
country rock.

bats See CHIROPTERA.

battery A number of electric cells
joined together. The common car battery,
or *accumulator, usually consists of six
secondary cells connected in series to give
a total e.m.f. of 12 volts. A torch battery is
usually a *dry cell, two of which are often
connected in series. Batteries may also

have cells connected in parallel, in which
case they have the same e.m.f. as a single
cell, but their capacity is increased, i.e.
they will provide more total charge. The
capacity of a battery is usually specified in
ampere-hours, the ability to supply 1 A for
1 hr, or the equivalent.

baud A unit for measuring signal speed
in a computer or communications system.
When the signal is a sequence of *bits,
the baud rate is given in bits per second
(bps). The unit is named after Jean-
Maurice-Emile Baudot (1845-1903).

bauxite The chief ore of aluminium,
consisting of hydrous aluminium oxides
and aluminous laterite. It is a claylike
amorphous material formed by the
weathering of silicate rocks under tropical
conditions. The chief producers are Aus-
tralia, Guinea, Jamaica, Russia, Brazil, and
Surinam.

Bayesian statistics and probability
A method of interpreting *probability in
terms of a number indicating how much
confidence is placed in a proposition, i.e.
how true it is. The *entropy of a probabil-
ity distribution is maximized to assign a
probability. A hypothesis can be
confirmed by an observation that is likely
if the hypothesis is true and unlikely if it
is false. See also BAYES’ THEOREM.

Bayes’ theorem A theorem that deals
with conditional *probabilities of proposi-
tions or events. Given an event A the con-
ditional probability of an event E is
formulated as P(A[E) = P(E)/P(A). Bayes’
theorem enables prior estimates of proba-
bility to be updated when further infor-
mation becomes available. It was named
after the British mathematician Thomas
Bayes (1702-61).

b.c.c. Body-centred cubic. See CUBIC CRYS-
TAL.

B cell (B lymphocyte) A *lymphocyte
that is derived from stem cells in the bone
marrow but does not mature in the thy-
mus (compare T CELL); in birds it matures
in the bursa of the cloaca (hence B cell).
Each B cell has a unique set of receptor
molecules on its surface, designed to rec-
ognize a specific antigen. Binding of the
appropriate antigen to class Il MHC recep-
tors on the B cell (see HISTOCOMPATIBILITY)



BCS theory 80
Beaufort description of wind wind speed
number P (knots) (metres per second)
0 calm <1 0.0- 0.2
1 light air 1- 3 0.3- 1.5
2 light breeze 4- 6 1.6- 3.3
3 gentle breeze 7-10 3.4- 5.4
4 moderate breeze 11-16 55- 7.9
5 fresh breeze 17-21 8.0-10.7
6 strong breeze 22-27 10.8-13.8
7 near gale 28-33 13.9-17.1
8 gale 34-40 17.2-20.7
9 strong gale 41-47 20.8-24.4
10 storm 48-55 24.5-28.4
m violent storm 56-63 28.5-32.6
12 hurricane =64 =32.7

Beaufort wind scale

is recognized by helper T cells, which
themselves bind to the antigen-receptor
complex. This triggers the T cells to re-
lease *lymphokines, which cause the B
cell to undergo repeated division to form
a clone of cells. These mature into
*plasma cells, capable of producing large
amounts of specific antibody (see 1M-
MUNOGLOBULIN), which circulates in the
blood and lymph and binds to the corre-
sponding antigen. After a few days of anti-
body production the plasma cells die.
However, some cells from the clone re-
main in the form of memory cells, which
initiate a more rapid immune response on
subsequent exposure to the same antigen.
See also CLONAL SELECTION THEORY.

BCS theory See SUPERCONDUCTIVITY.

Beadle, George Wells (1903-89) US ge-
neticist who, after holding several profes-
sorships, went to Stanford University,
where he worked with Edward Tatum
(1909-75). Using moulds, they deduced
that the function of genes is to control the
production of enzymes, which in turn
control metabolic processes. They found
that mutant genes result in abnormal
(and non-operative) enzymes. For this ‘one
gene-one enzyme’ theory (see ONE GENE-
ONE POLYPEPTIDE HYPOTHESIS), they were
awarded the 1958 Nobel Prize in physiol-
ogy or medicine.

beam A group of rays moving in an
organized manner. It may consist of
particles (e.g. an electron beam) or of
electromagnetic radiation (e.g. a radar
beam).

beam balance Sece BALANCE.

beam hole A hole through the shield-
ing of a *nuclear reactor to enable a beam
of neutrons or other particles to escape
for experimental purposes.

beats A periodic increase and decrease
in loudness heard when two notes of
slightly different frequency are sounded
at the same time. If a note of frequency n
is heard at the same time as a note of fre-
quency m, the resulting note will have a
frequency of about (n + m)/2. However the
amplitude of this note will vary from the
difference to the sum of the amplitudes of
the m and n notes and the frequency
(called the beat frequency) of this varia-
tion will be (m - n). The beating sound
produced occurs as the waves successively
reinforce and oppose each other as they
move in and out of phase. Beating also oc-
curs with radio-frequency waves and is
made use of in *heterodyne devices. See
also INTERFERENCE.

Beaufort wind scale A scale of wind
speed that was devised in the early 19th
century by Rear Admiral Sir Francis Beau-
fort (1774-1857). Originally based on ob-
servations of the effect of various wind
speeds on the sails of a full-rigged frigate,
it has since been modified and is now
based on observations of the sea surface
or, on land, such easily observable indica-
tors as smoke and tree movement. The
scale ranges from 0 (calm) to 12 (hurri-
cane).

Becklin-Neugebauer object (BN ob-
ject) A point in the star-forming part of
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the Orion nebula that emits infrared radi-
ation (but no visible radiation, probably
because it is scattered by the dense dust of
the nebula). It is thought to be a young
near main-sequence star of type B spectral
classification, and one of the youngest
stars so far observed.

Beckmann rearrangement The chem-
ical conversion of a ketone *oxime into
an *amide, usually using sulphuric acid as
a catalyst. The reaction, used in the manu-
facture of nylon and other polyamides, is
named after the German chemist Ernst
Beckmann (1853-1923).

Beckmann thermometer A ther-
mometer for measuring small changes of
temperature (see illustration). It consists
of a mercury-in-glass thermometer with a
scale covering only 5 or 6°C calibrated in
hundredths of a degree. It has two mer-
cury bulbs, the range of temperature to
be measured is varied by running mer-
cury from the upper bulb into the larger
lower bulb. It is used particularly for
measuring *depression of freezing point
or *elevation of boiling point of liquids
when solute is added, in order to find rela-
tive molecular masses.

reservoir for
adjusting range
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Beckmann thermometer

becquerel Symbol Bq. The SI unit of ac-

tivity (see RADIATION UNITS). The unit is
named after A. H. Becquerel.

Becquerel, Antoine Henri (1852-
1908) French physicist. His early re-
searches were in optics; in 1896 he acci-
dentally discovered *radioactivity in
fluorescent salts of uranium. Three years
later he showed that it consists of charged
particles that are deflected by a magnetic
field. For this work he was awarded the
1903 Nobel Prize, which he shared with
Pierre and Marie *Curie.

bees See HYMENOPTERA.
beetles Sce COLEOPTERA.
beet sugar See SUCROSE.

behaviour The sum of the responses of
an organism to internal or external stim-
uli. The behaviour of an animal can be ei-
ther instinctive (see INSTINCT) or learned.
See ANIMAL BEHAVIOUR; LEARNING.

behavioural genetics The branch of
genetics concerned with determining the
relative importance of the genetic consti-
tution of animals as compared to environ-
mental factors in influencing animal
behaviour.

bel Ten *decibels.

bell metal A type of *bronze used in
casting bells. It consists of 60-85% copper
alloyed with tin, often with some zinc and
lead included.

Bell’s theorem A theorem stating that
no local *hidden-variables theory can
make predictions in agreement with
those of *quantum mechanics. Local hid-
den variables theories give rise to a result,
called Bell's inequality, which is one of
many similar results concerning the prob-
abilities of two events both occurring in
well-separated parts of a system. The
British physicist John S. Bell (1928-90)
showed in 1964 that quantum mechanics
predicts a violation of the inequalities,
which are consequences of local hidden-
variables theories. Experiments are in
agreement with quantum mechanics
rather than local hidden variables theo-
ries by violating Bell’s inequality, in accor-
dance with Bell’s theorem.

Belousov-Zhabotinskii reaction Sce
B-Z REACTION.
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Bénard cell A structure associated with
a layer of liquid that is confined by two
horizontal parallel plates, in which the
lateral dimensions are much larger than
the width of the layer. Before heating the
liquid is homogeneous. However, if after
heating from below the temperatures of
the plates are T, and T,, at a critical value
of the temperature gradient AT=T, - T,
the liquid abruptly starts to convect. The
liquid spontaneously organizes itself into
a set of convection rolls, i.e. the liquid
goes round in a series of ‘cells’. The exis-
tence of such cells was discovered by a
French scientist, Henri Bénard, around
1900. See also COMPLEXITY.

bending moment (about any point or
section of a horizontal beam under load)
The algebraic sum of the *moments of all
the vertical forces to either side of that
point or section.

Benedict’s test A biochemical test to
detect *reducing sugars in solution, de-
vised by the US chemist S. R. Benedict
(1884-1936). Benedict's reagent - a mix-
ture of copper(Il) sulphate and a filtered
mixture of hydrated sodium citrate and
hydrated sodium carbonate - is added to
the test solution and boiled. A high con-
centration of reducing sugars induces the
formation of a red precipitate; a lower
concentration produces a yellow precipi-
tate. Benedict’s test is a more sensitive al-
ternative to *Fehling’s test.

beneficiation (ore dressing) The separa-
tion of an ore into the valuable compo-
nents and the waste material (gangue).
This may be achieved by a number of pro-
cesses, including crushing, grinding, mag-
netic separation, froth flotation, etc. The
dressed ore, consisting of a high propor-
tion of valuable components, is then
ready for smelting or some other refining
process.

benthos Flora and fauna occurring on
the bottom of a sea or lake. Benthic organ-
isms may crawl, burrow, or remain at-
tached to a substrate. Compare PELAGIC.

bent sandwich See SANDWICH coM-
POUND.

benzaldehyde Sec BENZENECARBALDE-
HYDE.

e O

Dewar structures
(3inall)

Kekulé structures

Benzene

benzene A colourless liquid hydrocar-
bon, C¢Hg; r.d. 0.88; m.p. 5.5°C; b.p.
80.1°C. It is now made from gasoline from
petroleum by catalytic reforming (for-
merly obtained from coal tar). Benzene is
the archetypal *aromatic compound. It
has an unsaturated molecule, yet will not
readily undergo addition reactions. On the
other hand, it does undergo substitution
reactions in which hydrogen atoms are re-
placed by other atoms or groups. This be-
haviour occurs because of delocalization
of p-electrons over the benzene ring, and
all the C-C bonds in benzene are equiva-
lent and intermediate in length between
single and double bonds. It can be re-
garded as a resonance hybrid of Kekulé
and Dewar structures (see formulae). In
formulae it can be represented by a
hexagon with a ring inside it.

benzenecarbaldehyde (benzaldehyde)
A yellowish volatile oily liquid, C;HsCHO;
r.d. 1.04; m.p. -26°C; b.p. 178.1°C. The
compound occurs in almond kernels and
has an almond-like smell. It is made from
methylbenzene (by conversion to
dichloromethyl benzene, CcHsCHCl,, fol-
lowed by hydrolysis). Benzenecarbalde-
hyde is used in flavourings, perfumery,
and the dyestuffs industry.

benzenecarbonyl chloride (benzoyl
chloride) A colourless liquid, C4HsCOCI;
r.d. 1.21; m.p. 0°C; b.p. 197.2°C. It is an
*acyl halide, used to introduce ben-
zenecarbonyl groups into molecules. See
ACYLATION.

benzenecarbonyl group (benzoyl
group) The organic group CgH5CO-.

benzenecarboxylate (benzoate) A salt
or ester of benzenecarboxylic acid.

benzenecarboxylic acid (benzoic acid)
A white crystalline compound,
C¢HsCOOH; r.d. 1.27; m.p. 122.4°C; b.p.
249°C. It occurs naturally in some plants
and is used as a food preservative. Ben-
zenecarboxylic acid has a carboxyl group
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bound directly to a benzene ring. It is a
weak carboxylic acid (K, = 6.4 x 107 at
25°C), which is slightly soluble in water. It
also undergoes substitution reactions on
the benzene ring.

benzene-1,4-diol (hydroquinone;
quinol) A white crystalline solid,
CcH,4(OH),; r.d. 1.33; m.p. 173-174°C; b.p.
285°C. It is used in making dyes. See also
QUINHYDRONE ELECTRODE.

benzene hexachloride (BHC) A crys-
talline substance, C¢HgClg, made by
adding chlorine to benzene. It is used as a
pesticide and, like *DDT, concern has
been expressed at its environmental
effects.

benzenesulphonic acid A colourless
deliquescent solid, CcHsSO,OH, m.p.
43-44°C, usually found as an oily liquid. It
is made by treating benzene with concen-
trated sulphuric acid. Its alkyl derivatives
are used as *detergents.

benzil 1,2-diphenylethan-1,2-dione. See
BENZILIC ACID REARRANGEMENT.

benzilic acid rearrangement An or-
ganic rearrangement reaction in which
benzil (1,2-diphenylethan-1,2-dione) is
treated with hydroxide and then acid to
give benzilic acid (2-hydroxy-2,2-diphenyl-
ethanoic acid):

CeH;5.CO.CO.CoH; —
(C¢Hs),C(OH).COOH

In the reaction a phenyl group (C¢Hs-) mi-
grates from one carbon atom to another.
The reaction was discovered in 1828 by
Justus von *Liebig; it was the first rear-
rangement reaction to be described.

benzoate Sec BENZENECARBOXYLATE.

benzoic acid See BENZENECARBOXYLIC
ACID.

benzoquinone See CYCLOHEXADIENE-1,4-
DIONE.

benzoylation A chemical reaction in
which a benzoyl group (benzenecarbonyl
group, C¢HsCO) is introduced into a mol-
ecule. See ACYLATION.

benzoyl chloride See BENZENECARBONYL
CHLORIDE.

benzoyl group See BENZENECARBONYL
GROUP.

benzpyrene A pale yellow solid, CyoH;,,
m.p. 179°C, whose molecules consist of
five fused benzene rings. It occurs in tars
from coal and tobacco smoke and is a
*carcinogen.

benzyl alcohol See PHENYLMETHANOL.

benzylamine (a-aminotoluene; phenyl-
methylamine) A colourless liquid,
C¢HsCH,NH,; r.d. 0.981; b.p. 185°C. It
behaves in the same way as primary
aliphatic amines.

benzyne A highly reactive short-lived
compound, CgH,, having a hexagonal ring
of carbon atoms containing two double
bonds and one triple bond. Benzyne,
which is the simplest example of an
*aryne, is thought to be an intermediate
in a number of reactions.

Bergius, Friedrich Karl Rudolf
(1884-1949) German organic chemist.
‘While working with Fritz *Haber in Karls-
ruhe, he become interested in reactions at
high pressures. In 1912 he devised an
industrial process for making light hydro-
carbons by the high-pressure hydrogena-
tion of coal or heavy oil. The work earned
him a share of the 1931 Nobel Prize for
chemistry with Carl Bosch (1874-1940).
The Bergius process proved important for
supplying petrol for the German war ef-
fort in World War IL

Bergius process A process for making
hydrocarbon mixtures (for fuels) from
coal by heating powdered coal mixed with
tar and iron(Ill) oxide catalyst at 450°C
under hydrogen at a pressure of about
200 atmospheres. In later developments
of the process, the coal was suspended in
liquid hydrocarbons and other catalysts
were used. The process was developed by
Friedrich Bergius during World WarIasa
source of motor fuel.

beriberi A disease caused by a low in-
take of vitamin B, (thiamine; see VITAMIN
B COMPLEX), resulting in damage to pe-
ripheral nerves and heart failure. Beriberi
is most common in regions of the Far East
where the diet is based on polished white
rice, which lacks the thiamine-rich seed
coat.

berkelium Symbol Bk. A radioactive
metallic transuranic element belonging to
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the *actinoids; a.n. 97; mass number of
the most stable isotope 247 (half-life 1.4 x
10 years); r.d. (calculated) 14. There are
eight known isotopes. It was first pro-
duced by G. T. Seborg and associates in
1949 by bombarding americium-241 with
alpha particles.

Bernoulli, Daniel (1700-82) Swiss
mathematician. In 1724 he published a
work on differential equations, which
earned him a professorship at St Peters-
burg. He returned to Basel, Switzerland,
in 1733 and began researches on hydrody-
namics (see BERNOULLI THEOREM), the work
for which he is best known. He also initi-
ated the kinetic theory of matter.

Bernoulli theorem At any point in a
pipe through which a fluid is flowing the
sum of the pressure energy, the kinetic
energy, and the potential energy of a
given mass of the fluid is constant. This is
equivalent to a statement of the law of
the conservation of energy. The law was
published in 1738 by Daniel Bernoulli.

berry A fleshy fruit formed from either
one carpel or from several fused together
and containing many seeds. The fruit wall
may have two or three layers but the
inner layer is never hard and stony (as in
some drupes). Examples of berries are
grapes and tomatoes. A berry, such as a
cucumber, that develops a hard outer rind
is called a pepo. One that is segmented
and has a leathery rind, such as a citrus
fruit, is called a hesperidium. The rind
contains oil glands and is lined by the
white mesocarp, commonly called pith.

Berthollide compound See NONSTOI-
CHIOMETRIC COMPOUND.

beryl A hexagonal mineral form of
beryllium aluminium silicate,
Be;AlLSigO,g; the chief ore of beryllium. It
may be green, blue, yellow, or white and
has long been used as a gemstone. Beryl
occurs throughout the world in granite
and pegmatites. *Emerald, the green gem
variety, occurs more rarely and is of great
value. Important sources of beryl are
found in Brazil, Madagascar, and the USA.

beryllate A compound formed in solu-
tion when beryllium metal, or the oxide
or hydroxide, dissolves in strong alkali.

The reaction (for the metal) is often writ-
ten

Be + 20H(aq) — Be0,*(aq) + Hy(g)

The ion BeO,?" is the beryllate ion. In fact,
as with the *aluminates, the ions present
are probably hydroxy ions of the type
Be(OH),%" (the tetrahydroxoberyllate(ll)
ion) together with polymeric ions.

beryllia See BERYLLIUM OXIDE.

beryllium Symbol Be. A grey metallic el-
ement of *group 2 (formerly IIA) of the
periodic table; a.n. 4; r.a.m. 9.012; r.d.
1.85; m.p. 1278°C; b.p. 2970°C. Beryllium
occurs as beryl (3Be0.Al,05.65i0,) and
chrysoberyl (BeO.Al,O5). The metal is ex-
tracted from a fused mixture of BeF,/NaF
by electrolysis or by magnesium reduction
of BeF,. It is used to manufacture Be-Cu
alloys, which are used in nuclear reactors
as reflectors and moderators because of
their low absorption *cross section. Beryl-
lium oxide is used in ceramics and in
nuclear reactors. Beryllium and its com-
pounds are toxic and can cause serious
lung diseases and dermatitis. The metal is
resistant to oxidation by air because of
the formation of an oxide layer, but will
react with dilute hydrochloric and sul-
phuric acids. Beryllium compounds show
high covalent character. The element was
isolated independently by F. Wohler and
A. A. Bussy in 1828.

beryllium bronze A hard, strong type
of *bronze containing about 2% beryl-
lium, in addition to copper and tin.

beryllium hydroxide A white crys-
talline compound, Be(OH),, precipitated
from solutions of beryllium salts by
adding alkali. Like the oxide, it is ampho-
teric and dissolves in excess alkali to give
*beryllates.

beryllium oxide (beryllia) An insoluble
solid compound, BeO; hexagonal; r.d.
3.01; m.p. 2530°C; b.p. 3900°C. It occurs
naturally as bromellite, and can be made
by burning beryllium in oxygen or by the
decomposition of beryllium carbonate or
hydroxide. It is an important amphoteric
oxide, reacting with acids to form salts
and with alkalis to form compounds
known as *beryllates. Beryllium oxide is
used in the production of beryllium and
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beryllium-copper refractories, transistors,
and integrated circuits.

Berzelius, Jons Jacob (1779-1848)
Swedish chemist. After moving to Stock-
holm he worked with mining chemists
and, with them, discovered several el-
ements, including *cerium (1803), *se-
lenium (1817), *lithium (1818), *thorium
(1828), and *vanadium (1830). He also
worked on atomic weights and electro-
chemistry and devised the current nota-
tion for chemical elements.

Bessel, Friedrich Wilhelm

(1784-1846) German astronomer. As an
unqualified amateur he catalogued the po-
sitions of 50 000 stars and calculated the
distance to 61 Cygni from its *parallax. In
1844 he discovered that Sirius is a binary
star with a dark companion. Solving the
complex mathematics in these studies led
him to develop *Bessel functions.

Bessel function A type of function that
occurs as a solution to problems involving
waves in systems with cylindrical symme-
try. Bessel functions have been exten-
sively studied and tabulated and are used
in many branches of mathematical
physics. They are named after the Ger-
man astronomer Friedrich Wilhelm Bessel
(1784-1846).

Bessemer process A process for con-
verting *pig iron from a *blast furnace
into *steel. The molten pig iron is loaded
into a refractory-lined tilting furnace
(Bessemer converter) at about 1250°C. Air
is blown into the furnace from the base
and *spiegel is added to introduce the cor-
rect amount of carbon. Impurities (espe-
cially silicon, phosphorus, and
manganese) are removed by the converter
lining to form a slag. Finally the furnace is
tilted so that the molten steel can be
poured off. In the modern VLN (very low
nitrogen) version of this process, oxygen
and steam are blown into the furnace in
place of air to minimize the absorption of
nitrogen from the air by the steel. The
process is named after the British engi-
neer Sir Henry Bessemer (1813-98), who
announced it in 1856. See also BASIC-
OXYGEN PROCESS.

beta adrenoceptor (beta adrenergic
receptor) See ADRENOCEPTOR.

beta blocker (beta-adrenoceptor antag-
onist) Any of a group of drugs that bind
preferentially to beta *adrenoceptors and
hence block their stimulation by the
body’s own neurotransmitters, adrenaline
and noradrenaline. Beta blockers, such as
propranolol, oxprenolol, and atenolol, are
used to treat disorders of the cardiovascu-
lar system, including high blood pressure
(hypertension), angina pectoris, and irreg-
ularities of heartbeat (arrhythmias). They
are also effective in treating anxiety and
glaucoma (as eye drops) and in preventing
migraine. They tend to dampen the
effects of exercise or stress on heart rate,
heart output, and blood pressure, as well
as improving the oxygenation of the heart
muscles. The release of the enzyme
*renin from the kidneys is also reduced,
leading to an overall fall in arterial blood
pressure.

beta decay A type of weak interaction
(see FUNDAMENTAL INTERACTIONS) in which
an unstable atomic nucleus changes into a
nucleus of the same nucleon number (A)
but different proton number (Z). There are
three types of beta decay: negative beta
decay, positive beta decay, and electron
capture.
Negative beta decay:

X =AY + Qe+ gy
A neutron in the nucleus X has decayed
into a proton forming a new nucleus Y
with the emission of an electron and
antineutrino. This process involves a de-
crease in mass and is energetically
favourable; it can also occur outside the
nucleus - free neutrons decay with a
mean lifetime of about 15 minutes.
Positive beta decay:

X =, 4 +%+5v
A proton in the nucleus X transforms into
a neutron and a new nucleus Y is formed
with the emission of an antimatter elec-
tron (positron) and neutrino. This process
involves an effective increase in mass for
the proton and is not energetically
favourable. It cannot occur outside the nu-
cleus - free protons do not undergo this
kind of interaction. The process is allowed
within the environment of the nucleus
because when the nucleus as a whole is
taken into account the interaction repre-
sents an overall decrease in mass.
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Electron capture:

X+ % — , 47+ v
A proton in the nucleus X captures an
electron from the atomic environment
and becomes a neutron, emitting in the
process a neutrino. This process also in-
volves an effective increase in mass for
the proton and is not energetically
favourable; again, it cannot also occur out-
side the nucleus - free protons do not
undergo this kind of interaction. The pro-
cess is allowed within the environment of
the nucleus because, taking into account
the whole nucleus, the interaction repre-
sents an overall decrease in mass.

beta-iron A nonmagnetic allotrope of
iron that exists between 768°C and 900°C.

beta particle An electron or positron
emitted during *beta decay. A stream of
beta particles is known as beta radiation.

betatron A particle *accelerator for pro-
ducing high-energy electrons (up to

340 MeV) for research purposes, including
the production of high-energy X-rays. The
electrons are accelerated by electromag-
netic induction in a doughnut-shaped
(toroidal) ring from which the air has
been removed. This type of accelerator
was first developed by D. W. Kerst

(1911- ) in 1939; the largest such ma-
chine, at the University of Illinois, was
completed in 1950.

Bevatron A colloquial name for the pro-
ton *synchrotron at the Berkeley campus

of the University of California. It produces
energies up to 6 GeV.

BHC See BENZENE HEXACHLORIDE.
biaxial crystal See DOUBLE REFRACTION.
bicarbonate Se¢ HYDROGENCARBONATE.

bicarbonate of soda See sopium HY-
DROGENCARBONATE.

biceps A muscle that runs along the
large bone of the upper arm (*humerus)
and is connected to the *radius at one end
and the shoulder bone (*scapula) at the
other. Contraction of the biceps causes
the arm to flex at the elbow joint (see
FLEXOR). It works antagonistically with the
triceps, which contracts to extend the
arm (see ANTAGONISM). See also VOLUNTARY
MUSCLE.

biconcave See CONCAVE.

bicuspid valve (mitral valve) A valve,
consisting of two flaps, situated between
the left atrium and the left ventricle of
the heart of birds and mammals. When
the left ventricle contracts, forcing blood
into the aorta, the bicuspid valve closes
the aperture to the left atrium, thereby
preventing any backflow of blood. The
valve reopens to allow blood to flow from
the atrium into the ventricle. Compare TRI-
CUSPID VALVE.

biennial A plant that requires two grow-
ing seasons to complete its life cycle.
During the first year it builds up food re-
serves, which are used during the second
year in the production of flowers and
seeds. Examples are carrot and parsnip.

big-bang theory The cosmological
theory that all the matter and energy in
the universe originated from a state of
enormous density and temperature that
exploded at a finite moment in the past.
See Feature.

bilateral symmetry A type of arrange-
ment of the parts and organs of an animal
in which the body can be divided into two
halves that are mirror images of each
other along one plane only (usually pass-
ing through the midline at right angles to
the dorsal and ventral surfaces). Bilater-
ally symmetrical animals are character-
ized by a type of movement in which one
end of the body always leads. In botany
this type of symmetry is usually called zy-
gomorphy when applied to flowers (e.g.
foxglove and antirrhinum flowers are zy-
gomorphic). Compare RADIAL SYMMETRY.

bile (gall) A bitter-tasting greenish-
yellow alkaline fluid produced by the
*liver, stored in the *gall bladder, and se-
creted into the *duodenum of vertebrates.
It assists the digestion and absorption of
fats by the action of bile salts, which
chemically reduce fatty substances and
decrease the surface tension of fat droplets
so that they are broken down and emulsi-
fied. Bile may also stimulate gut muscle
contraction (*peristalsis). Bile also contains
the bile pigments, bilirubin and biliverdin,
which are produced by the breakdown of
the blood pigment *haemoglobin.

bile duct The tube through which bile
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passes from the *liver or (when present)
the *gall bladder to the duodenum.

bilirubin See BILE.
biliverdin See BILE.

billion 1. (in the UK and Germany) One
million million, 10'2. 2. (in the USA and
France) One thousand million, 10°.

bimetallic strip A strip consisting of
two metals of different *expansivity riv-
eted or welded together so that the strip
bends on heating. If one end is fixed the
other end can be made to open and close
an electric circuit, as in a *thermostat.

bimolecular reaction Astepina
chemical reaction that involves two mol-
ecules. See MOLECULARITY.

bimorph cell A device consisting of two
plates of piezoelectric material, such as
Rochelle salt, joined together so that one
expands on the application of a potential
difference and the other contracts. The
cell thus bends as a result of the applied
p.d. The opposite effect is also used, in
which the mechanical bending of the cell
is used to produce a p.d., as in the crystal
microphone and some types of record-
player pickups.

binary Describing a compound or alloy
formed from two elements.

binary acid An *acid in which the
acidic hydrogen atom(s) are bound di-
rectly to an atom other than oxygen. Ex-
amples are hydrogen chloride (HCI) and
hydrogen sulphide (H,S). Such compounds
are sometimes called hydracids. Compare
0XO ACID.

binary fission See FIssION.

binary notation A number system
using only two different digits, 0 and 1.
Instead of units, tens, hundreds, etc., as
used in the decimal system, digits in the
binary notation represent units, twos,
fours, eights, etc. Thus one in decimal no-
tation is represented by 0001, two by
0010, four by 0100, and eight by 1000. Be-
cause 0 and 1 can be made to correspond
to off and on conditions in an electric cir-
cuit, the binary notation is widely used in
computers.

binary prefixes A set of prefixes for bi-

nary powers designed to be used in data
processing and data transmission con-
texts. They were suggested in 1998 by the
International Electrotechnical Commis-
sion (IEC) as a way of resolving the ambi-
guity in use of kilo-, mega-, giga-, etc., in
computing. In scientific usage, these
prefixes indicate 10%, 106, 10°, etc. (see ST
UNITS). In computing, it became common
to use the prefix “kilo-” to mean 2%, so
one kilobit was 1024 bits (not 1000 bits).
This was extended to larger prefixes, so
“mega-” in computing is taken to be 22°
(1 048 576) rather than 10° (1 000 000).
However, there is a variation in usage de-
pending on the context. In discussing
memory capacities megabyte generally
means 22° bytes, but in disk storage (and
data transmission) megabyte is often
taken to mean 10° bytes. (In some con-
texts, as in the capacity of a floppy disk, it
has even been quoted as 1 024 000 bytes,
i.e. 1000 times a (binary) kilobyte.) The
IEC attempted to resolve this confusion by
introducing binary prefixes, modelled on
the normal decimal prefixes, as follows:

kibi- 21°

mebi- 220

gebi- 2%°

tebi- 24°

pebi- 2%°

exbi- 260
These names are contractions of “kilobi-
nary”, “megabinary”, etc., but are pro-
nounced so that the second syllable
rhymes with “bee”. Using these prefixes,
one gebibyte would be 1 073 741 824
bytes and one gigabyte would (unambigu-
ously) be 1 000 000 000 bytes.

binary stars A pair of stars revolving
about a common centre of mass. In a vis-
ual binary the stars are far enough apart
to be seen separately by an optical tele-
scope. In an astrometric binary one com-
ponent is too faint to be seen and its
presence is inferred from the perturba-
tions in the motion of the other. In a spec-
trosopic binary the stars cannot usually be
resolved by a telescope, but the motions
can be detected by different Doppler
shifts in the spectrum at each side of the
binary, according to whether the compo-
nents are approaching or receding from
the observer.

binding energy The energy equivalent
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Newton’s work gave a mathematical basis for the universe on a large scale.
However, the data available at the time suggested a static unchanging
universe. This could not easily be explained in the context of the law of
gravitation, since all bodies in the universe attract all other bodies with the
force of gravity. Newton realized that there was only one solution to this
problem: in a static universe, matter had to be uniformly spread throughout
an infinitely large space. In 1826, Heinrich Olbers published a paper
containing what is known as *Olbers’ paradox; such a universe would lead to a
perpetually bright sky on earth.

Space-time

Cosmologists now believe that Newton’s model was based on incorrect
assumptions about the structure of space, time, and matter. Einstein in his
general theory of *relativity (1915) proposed that the universe exists in four-
dimensional space-time. This space-time is curved by the presence of matter,
and the matter moves by following the resulting curves.

The expanding universe

The discovery by Hubble in 1929 that the universe is expanding provided a
starting point for the ideas on which our present understanding of the
universe is based. Hubble made his discovery by analysing the *spectra of light
from distant galaxies and noting a persistent *red shift, which he explained in
terms of the *Doppler effect; an increase in observed wavelengths of light
occurs because the light source is receding from the observer. The larger the
speed, of recession, the larger the red shifts. Hubble discovered a pattern in his
data: the further away the galaxy, the greater the speed of recession. Known as
*Hubble’s law, this provided the evidence that the universe is expanding and a
resolution to Olbers’ paradox. If the galaxies and the earth are moving apart,
the radiation falling on the earth from the galaxies is reduced. The further
galaxies are away from the earth, the smaller their contribution to the
radiation falling on the earth.

This model might seem to place the earth at the centre of the universe
again. However, it is space itself that is expanding and the galaxies are
imbedded in this space. The ring (space) in the diagram has dots (the galaxies).
The expansion of the ring means that the view from any one dot is that the
other dots are receding at a speed proportional to their distance away. No
single dot is at the centre of the system but all dots see the same thing.

Age of the universe
Hubble’s law may be stated in the form: H, = v/d, where v is the speed of
recession of the galaxy, d is the earth-galaxy distance, and H, is called the

The expansion leads to the recession of B from A along the ring. The speed of recession will
be directly proportional to the distance of B from A along the ring.
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Hubble constant. Assuming that the galaxies have always been moving apart,
the age of the universe (T) can be estimated, i.e. T = 1/H, On this basis the age
of the universe would be between 15-18 billion years.

The origin of the universe

This view of the origin of the universe is called the big-bang theory. The
theory suggests that the universe originated as a minute but very hot body and
that the temperature has been falling as the expansion has continued. In 1945
George Gamow predicted that there should be a *microwave background
corresponding to a black-body temperature a few degrees above absolute zero.
This microwave background was discovered 20 years later. The big-bang theory
also explains the amount of helium in the universe.

In 1992, the COBE satellite discovered that there were very small variations
in the microwave background. This discovery helped to explain why the
universe formed into galaxies and stars. The non-uniformities that began the
nucleation of galactic matter in the early universe now appear as the small
variations in the microwave background.

Fundamental forces

It is thought that the four *fundamental interactions in the universe are all
manifestations of the same force. This force existed when the big bang,
occurred at a temperature above 10°K. As the universe cooled the forces
separated as the original symmetries were broken. Gravity was the first to
separate, followed by the strong nuclear force, and the weak and
electromagnetic forces (see table).

Time from big bang Temperature (K) State of the universe/forces

0 second infinite The universe is infinitesimally
small and infinitely dense (i.e. a
mathematical singularity).

1072 second 10'> Weak and electromagnetic forces
begin to separate.

107° second 1@ Quarks and leptons begin to form.

10-3 second 1012 Quarks form the hadrons; quark
confinement begins.

102 second 107 Helium nuclei formed by fusion.

10° years 104 Atomic era; atoms form as
protons combine with electrons.

10° years 10° Matter undergoes gravitational
collapse.

.5-1.8 x 10'° years 2.7 Present day: cosmic background

corresponds to about 2.7K.

The future

Research into the future of the universe is clearly speculative. Whether the
universe will continue to expand indefinitely depends on its mean density.
Below a critical level (the critical density), gravitational attraction will not be
enough to stop the expansion. However, if the mean density is above the
critical density the universe is bound and an eventual contraction will occur
resulting in a big crunch. This may precede another big bang initiating the
whole cycle again.
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to the *mass defect when nucleons bind
together to form an atomic nucleus.
When a nucleus is formed some energy is
released by the nucleons, since they are
entering a more stable lower-energy state.
Therefore the energy of a nucleus consists
of the energy equivalent of the mass of its
individual nucleons minus the binding en-
ergy. The binding energy per nucleon
plotted against the mass number provides
a useful graph showing that up to a mass
number of 50-60, the binding energy per
nucleon increases rapidly, thereafter it
falls slowly. Energy is released both by fis-
sion of heavy elements and by fusion of
light elements because both processes en-
tail a rearrangement of nuclei in the
lower part of the graph to form nuclei in
the higher part of the graph.

binoculars Any optical instrument de-
signed to serve both the observer’s eyes at
once. Binocular field glasses consist of two
refracting astronomical *telescopes inside
each of which is a pair of prisms to in-
crease the effective length and produce an
upright image. Simpler binoculars, such
as opera glasses, consist of two Galilean
telescopes which produce upright images
without prisms. Commonly, binoculars
are specified by a pair of numbers, such as
10 x 50. The first number indicates the an-
gular *magnification produced. The sec-
ond is the diameter of the objective lens
in millimetres, and indicates the amount
of light gathered by the instrument.
Binocular microscopes are used in biology
and surgery to enable the observer to ob-
tain a stereoscopic view of small objects
or parts.

binocular vision The ability, found
only in animals with forward-facing eyes,
to produce a focused image of the same
object simultaneously on the retinas of
both eyes. This permits three-dimensional
vision and contributes to distance judg-
ment.

binomial nomenclature The system
of naming organisms using a two-part La-
tinized (or scientific) name that was de-
vised by the Swedish botanist Linnaeus
(Carl Linné); it is also known as the Lin-
naean system. The first part is the generic
name (see GENUS), the second is the
specific epithet or name (see SPECIES). The

Latin name is usually printed in italics,
starting with a capital letter. For example,
in the scientific name of the common
frog, Rana temporaria, Rana is the generic
name and temporaria the specific name.
The name of the species may be followed
by an abbreviated form of the name of its
discoverer; for example, the common
daisy is Bellis perennis L. (for Linnaeus).
There are several International Codes of
Taxonomic Nomenclature that lay down
the rules for naming organisms. See also
CLASSIFICATION; TAXONOMY.

binomial theorem (binomial expan-
sion) A rule for the expansion of a bino-
mial expression (expression consisting of
the sum of two variables raised to a given
power). The general binomial expression
(x +y)" expands to:

X"+ nx"ly + [n(n - 1)2x"2% + .y

bioaccumulation An increase in the
concentration of chemicals, such as *pes-
ticides, in organisms that live in environ-
ments contaminated by a wide variety of
organic compounds. These compounds
are not usually decomposed in the envi-
ronment (i.e. they are not biodegradable)
or metabolized by the organisms, so that
their rate of absorption and storage is
greater than their rate of excretion. The
chemicals are normally stored in fatty tis-
sues. *DDT is known as a persistent pesti-
cide, as it is not easily broken down and
bioaccumulates along *food chains, so
that increasing concentrations occur in in-
dividual organisms at each trophic level.

bioassay (biological assay) A controlled
experiment for the quantitative estima-
tion of a substance by measuring its effect
in a living organism. For example, the
amount of the plant hormone auxin can
be estimated by observing its effect on the
curvature of oat coleoptiles - the concen-
tration of the hormone is proportional to
the curvature of the coleoptile.

biochemical evolution (molecular evo-
lution) The changes that occur at the mo-
lecular level in organisms over a period of
time. Brought about by *mutations in
genes or chromosomes, it results in func-
tional changes to the proteins encoded by
the genes, or even the evolution of novel
genes and proteins.
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biochemical fuel cell A system that
exploits biological reactions for the con-
version of biomass (chemical energy) to
electricity (electrical energy). One poten-
tial application is the generation of elec-
tricity from industrial waste and *sewage.
Methyltrophic organisms (i.e. organisms
that use methane or methanol as their
sole carbon sources) are being investi-
gated for their potential use in biochemi-
cal fuel cells.

biochemical oxygen demand (BOD)
The amount of oxygen taken up by micro-
organisms that decompose organic waste
matter in water. It is therefore used as a
measure of the amount of certain types of
organic pollutant in water. BOD is calcu-
lated by keeping a sample of water con-
taining a known amount of oxygen for
five days at 20°C. The oxygen content is
measured again after this time. A high
BOD indicates the presence of a large
number of microorganisms, which sug-
gests a high level of pollution.

biochemical taxonomy See¢ MOLECU-
LAR SYSTEMATICS.

biochemistry The study of the chem-
istry of living organisms, especially the
structure and function of their chemical
components (principally proteins, carbo-
hydrates, lipids, and nucleic acids). Bio-
chemistry has advanced rapidly with the
development, from the mid-20th century,
of such techniques as chromatography,
spectroscopy, X-ray diffraction, radioiso-
topic labelling, and electron microscopy.
Using these techniques to separate and
analyse biologically important molecules,
the steps of the metabolic pathways in
which they are involved (e.g. *glycolysis
and the *Krebs cycle) have been deter-
mined. This has provided some knowl-
edge of how organisms obtain and store
energy, how they manufacture and de-
grade their biomolecules, how they sense
and respond to their environment, and
how all this information is carried and ex-
pressed by their genetic material. Bio-
chemistry forms an important part of
many other disciplines, especially physiol-
ogy, nutrition, and genetics, and its dis-
coveries have made a profound impact in
medicine, agriculture, industry, and many

other areas of human activity. See
Chronology.

biodegradable See PoLLUTION.

biodiversity (biological diversity) The
existence of a wide variety of species
(species diversity) or other taxa of plants,
animals, and microorganisms in a natural
community or habitat, or of communities
within a particular environment (ecologi-
cal diversity), or of genetic variation
within a species (genetic diversity; see
VARIATION). The maintenance of a high
level of biodiversity is important for the
stability of ecosystems. Certain habitats,
especially rainforests, have a rich species
diversity, which is threatened by the con-
tinued destruction of habitats (see DEFOR-
ESTATION; DESERTIFICATION). Such
ecosystems typically support large num-
bers of rare species, and population sizes
of individual species tend to be small;
they are therefore especially vulnerable to
habitat destruction. Biodiversity in natural
habitats also represents an important pool
of species and genetic material of poten-
tial use to human societies. For example,
wild plants continue to be used as a
source of new drugs and other products,
and the development of new strains and
varieties of crop plants with increased dis-
ease resistance usually depends on incor-
porating genetic material from wild
plants.

bioelement Any chemical element
that is found in the molecules and com-
pounds that make up a living organism.
In the human body the most common
bioelements (in decreasing order of occur-
rence) are oxygen, carbon, hydrogen, ni-
trogen, calcium, and phosphorus. Other
bioelements include sodium, potassium,
magnesium, and copper. See ESSENTIAL EL-
EMENT.

bioenergetics The study of the flow
and the transformations of energy that
occur in living organisms. Typically, the
amount of energy that an organism takes
in (from food or sunlight) is measured and
divided into the amount used for growth
of new tissues; that lost through death,
wastes, and (in plants) transpiration; and
that lost to the environment as heat
(through respiration).
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1952

BIOCHEMISTRY

French chemist Anselme Payen (1795-1871) discovers diastase (the first
enzyme to be discovered).

Theodor Schwann discovers the digestive enzyme pepsin.

Louis Pasteur demonstrates fermentation is caused by ‘ferments’ in yeasts
and bacteria.

German biochemist Johann Friedrich Miescher (1844-95) discovers nucleic
acid.

Pasteur’s ‘ferments’ are designated as enzymes.

German chemist Emil Fischer (1852-1919) proposes the ‘lock-and-key’
mechanism to explain enzyme action.

Japanese chemist Jokichi Takamine (1854—1922) isolates adrenaline (the
first hormone to be isolated).

German biologist Eduard Buchner (1860-1917) discovers the enzyme
zymase (causing fermentation).

British biologist Arthur Harden (1865-1940) discovers coenzymes.

Russian-born US biochemist Phoebus Levene (1869-1940) identifies ribose
in RNA.

Canadian physiologist Frederick Banting (1891-1941) and US physiologist
Charles Best (1899-1978) isolate insulin.

Alexander Fleming discovers the enzyme lysozyme.

Russian-born British biologist David Keilin (1887-1963) discovers
cytochrome.

US biochemist James Sumner (1877-1955) crystallizes urease (the first
enzyme to be isolated).

German chemist Hans Fischer (1881-1945) determines the structure of
haem (in haemoglobin).
K. Lohman isolates ATP from muscle.

US biochemist John Northrop (1891-1987) isolates the enzyme pepsin.

Swedish biochemist Hugo Theorell (1903-82) isolates the muscle protein
myoglobin.

Hans Krebs discovers the Krebs cycle.

German-born US biochemist Fritz Lipmann (1899-1986) proposes that ATP
is the carrier of chemical energy in many cells.

US biochemist Britton Chance (1913 ) discovers how enzymes work (by
forming an enzyme-substrate complex).

US biologist Alfred Hershey (1908— ) proves that DNA carries genetic
information.

bioengineering 1. The use of artificial application of engineering knowledge to
tissues, organs, and organ components to medicine and zoology_

replace parts of the body that are dam- ; .

aged, lost, or malfunctioning, e.g. artificial biofeedback The technique whereby a
limbs, heart valves, and heart pacemak- subject can learn to control certain body
ers. See also TISSUE ENGINEERING. 2. The functions, such as heart rate or blood
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1953 Francis Crick and James Watson discover the structure of DNA.

1955 Frederick Sanger discovers the amino acid sequence of insulin.

1956 US biochemist Arthur Kornberg (1918- ) discovers DNA polymerase.
US molecular biologist Paul Berg (1926— ) identifies the nucleic acid later
known as transfer RNA.

1957 British biologist Alick Isaacs (1921-67) discovers interferon.

1959 Austrian-born British biochemist Max Perutz (1914— ) determines the
structure of haemoglobin.

1960 South African-born British molecular biologist Sydney Brenner (1927— )
and French biochemist Francois Jacob (1920- ) discover messenger
RNA.

1961 British biochemist Peter Mitchell (1920-92) proposes the chemiosmotic
theory.
Brenner and Crick discover that the genetic code consists of a series of
base triplets.

1969 US biochemist Gerald Edelman (1929- ) discovers the amino acid
sequence of immunoglobulin G.

1970 US virologists Howard Temin (1934-94) and David Baltimore (1938— )
discover the enzyme reverse transcriptase.

1970 US molecular biologist Hamilton Smith (1931- ) discovers restriction
enzymes.

1973 US biochemists Stanley Cohen (1935- ) and Herbert Boyer (1936— ) use
restriction enzymes to produce recombinant DNA.

1977 Sanger determines the complete base sequence of DNA in bacteriophage
oX174.

1984 British biochemist Alec Jeffreys (1950- ) devises DNA fingerprinting.

1985 US biochemist Kary Mullis (1944— ) invents the polymerase chain
reaction.

1986 US pharmacologists Robert Furchgott (1916— ) and Louis Ignarro
(1941- ) demonstrate the importance of nitric oxide as a signal molecule
in the blood vascular system.

1988 US biochemist Peter Agre (1949- ) identifies a water-channel protein
(aquaporin) in the plasma membrane of cells.

1994 Beginnings of DNA chip technology.

1998 US biochemist Roderick MacKinnon (1956— ) reveals detailed three-
dimensional structure of potassium-ion channel in brain cells.

2001 US molecular biologist Harry Noller and colleagues produce first detailed

X-ray crystallographic image of a complete ribosome.

pressure, that are usually unconsciously
regulated by the autonomic nervous sys-

tem. It is facilitated by the use of monitor-

ing devices, such as pulse monitors,
electroencephalographs, and electromyo-
graphs, and can be useful in treating high

blood pressure, migraine, epilepsy, and
other disorders.

biofuel A gaseous, liquid, or solid fuel
that contains an energy content derived
from a biological source. The organic mat-
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ter that makes up living organisms pro-
vides a potential source of trapped energy
that is beginning to be exploited to supply
the ever-increasing energy demand
around the world. An example of a bio-
fuel is rapeseed oil, which can be used in
place of diesel fuel in modified engines.
The methyl ester of this oil, rapeseed
methyl ester (RME), can be used in
unmodified diesel engines and is some-
times known as biodiesel. Other biofuels
include *biogas and *gasohol.

biogas A mixture of methane and car-
bon dioxide resulting from the anaerobic
decomposition of such waste materials as
domestic, industrial, and agricultural
sewage. The decomposition is carried out
by methanogenic bacteria (see METHANO-
GEN); these obligate anaerobes produce
methane, the main component of biogas,
which can be collected and used as an en-
ergy source for domestic processes, such
as heating, cooking, and lighting. The pro-
duction of biogas is carried out in special
digesters, which are widely used in China
and India. As well as providing a source of
fuel, these systems also enable *sewage,
which contains pathogenic bacteria, to be
digested, thereby removing the danger to
humans that could otherwise result from
untreated domestic and agricultural
waste.

biogenesis The principle that a living
organism can only arise from other living
organisms similar to itself (i.e. that like
gives rise to like) and can never originate
from nonliving material. Compare SPONTA-
NEOUS GENERATION.

biogeochemical cycle (nutrient cycle)
The cyclical movement of elements be-
tween living organisms (the biotic phase)
and their nonliving (abiotic) surroundings
(e.g. rocks, water, air). Examples of biogeo-
chemical cycles are the *carbon cycle, *ni-
trogen cycle, *oxygen cycle, *phosphorus
cycle, and *sulphur cycle.

biogeography The branch of biology
that deals with the geographical distribu-
tion of plants and animals. See PLANT GE-
OGRAPHY; ZOOGEOGRAPHY.

bioinformatics The collection, storage,
and analysis of DNA- and protein-
sequence data using computerized sys-

tems. Much of the data generated by
genome sequencing projects and protein
studies is held in various databanks and
made available to researchers throughout
the world via the Internet. Many com-
puter programs have been developed to
analyse sequence data, enabling the user
to identify similarities between newly se-
quenced material and existing sequences.
This allows, for example, predictions
about the structure and function of a pro-
tein from its amino-acid sequence data or
from the nucleotide sequence of its gene.
Also, genome-wide sequence analysis al-
lows comparisons to be made between
genomes of different species, which pro-
vides information about their possible
evolutionary relationships. See GENOMICS.

bioinorganic chemistry Biochemistry
involving compounds that contain metal
atoms or ions. Two common examples of
bioinorganic compounds are haemoglobin
(which contains iron) and chlorophyll
(which contains magnesium). Many en-
zymes contain metal atoms and bioinor-
ganics are important in a number of
biochemical processes, including oxygen
transport, electron transfer, and protein
folding.

biological clock The mechanism, pre-
sumed to exist within many animals and
plants, that produces regular periodic
changes in behaviour or physiology. Bio-
logical clocks underlie many of the
*biorhythms seen in organisms (e.g. hi-
bernation in animals). They continue to
run even when conditions are kept artifi-
cially constant, but eventually drift out of
step with the natural environment with-
out the specific signals that normally keep
them synchronized. Studies in the fruit fly
Drosophila have revealed the molecular
basis of the biological clock, and similar
mechanisms are thought to occur in other
animals, including mammals.

biological control The control of
*pests by biological (rather than chemical)
means. This may be achieved, for exam-
ple, by breeding disease-resistant crops or
by introducing a natural enemy of the
pest, such as a predator or a parasite. This
technique, which may offer substantial
advantages over the use of pesticides or
herbicides, has been employed success-
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fully on a number of occasions. Examples
include the control of the prickly pear
cactus (Opuntia) in Australia by introduc-
ing the cactus moth (Cactoblastis cactorum),
whose caterpillars feed on the plant’s
growing shoots, and the use of the lady-
bird to prey upon the scale insect (Icerya),
which kills citrus fruit trees. Insect pests
have also been subjected to genetic con-
trol, by releasing large numbers of males
of the pest species that have been steril-
ized by radiation: infertile matings subse-
quently cause a decline in the pest
population. This method has been used to
control the screw worm fly (Cochliomyia ho-
minivora), which lays its eggs in the open
wounds of domestic cattle. Biological con-
trol is considered to reduce a number of
the problems associated with chemical
control using *pesticides, but care should
be taken to avoid upsetting the natural
ecological balance; for example, a particu-
lar predator may also destroy harmless or
beneficial species.

biological rhythm Sec BIORHYTHM.

biological warfare The military use of
microorganisms, such as bacteria, viruses,
fungi, and other microorganisms, includ-
ing the agents for anthrax and botulism,
to induce disease or death among hu-
mans, livestock, and crop plants. Though
officially banned in most countries, re-
search continues with the aim of de-
veloping virulent strains of existing
microorganisms, using genetic engineer-
ing and other techniques.

biology The study of living organisms,
which includes their structure (gross and
microscopical), functioning, origin and
evolution, classification, interrelation-
ships, and distribution.

bioluminescence The emission of light
without heat (see LUMINESCENCE) by living
organisms. The phenomenon occurs in
glow-worms and fireflies, bacteria and
fungi, and in many deep-sea fish (among
others); in animals it may serve as a
means of protection (e.g. by disguising the
shape of a fish) or species recognition or it
may provide mating signals. The light is
produced during the oxidation of a com-
pound called luciferin (the composition of
which varies according to the species), the
reaction being catalysed by an enzyme, lu-

ciferase. Bioluminescence may be continu-
ous (e.g. in bacteria) or intermittent (e.g.
in fireflies).

biomass The total mass of all the organ-
isms of a given type and/or in a given
area; for example, the world biomass of
trees, or the biomass of elephants in the
Serengeti National Park. It is normally
measured in terms of grams of *dry mass
per square metre. See also PYRAMID OF
BIOMASS.

biome A major ecological community or
complex of communities that extends
over a large geographical area character-
ized by a dominant type of vegetation.
The organisms of a biome are adapted to
the climate conditions associated with the
region. There are no distinct boundaries
between adjacent biomes, which merge
gradually with each other. Examples of
biomes are *tundra, tropical *rainforest,
*taiga, *grassland (temperate and tropi-
cal), and *desert.

biomechanics The application of the
principles of *mechanics to living sys-
tems, particularly those living systems
that have coordinated movements. Biome-
chanics also deals with the properties of
biological materials, such as blood and
bone. For example, biomechanics would
be used to analyse the stresses on bones
in animals, both when the animals are
static and when they are moving. Other
types of problems in biomechanics in-
clude the *fluid mechanics associated
with swimming in fish and the *aerody-
namics of birds flying. It is sometimes
difficult to perform realistic calculations
in biomechanics because of complexity in
the shape of animals or the large number
of *degrees of freedom that need to be
considered (for example, the large num-
ber of muscles involved in the movement
of a human leg).

biomolecule Any molecule that is in-
volved in the maintenance and metabolic
processes of living organisms (see METABO-
L1sM). Biomolecules include carbohydrate,
lipid, protein, nucleic acid, and water mol-
ecules; some biomolecules are *macro-
molecules.

biophysics The study of the physical as-
pects of biology, including the application
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of physical laws and the techniques of
physics to study biological phenomena.
See also PHYSICS.

biopoiesis The development of living
matter from complex organic molecules
that are themselves nonliving but self-
replicating. It is the process by which life
is assumed to have begun. See ORIGIN OF
LIFE.

bioreactor (industrial fermenter) A large
stainless steel tank used to grow producer
microorganisms in the industrial produc-
tion of enzymes and other chemicals.
After the tank is steam-sterilized, an in-
oculum of the producer cells is introduced
into a medium that is maintained by
probes at optimum conditions of tempera-
ture, pressure, pH, and oxygen levels for
enzyme production. An agitator (stirrer)
mixes the medium, which is constantly
aerated. It is essential that the culture
medium is sterile and contains the appro-
priate nutritional requirements for the
microorganism. When the nutrients have
been utilized the product is separated; if
the product is an extracellular compound
the medium can be removed during the
growth phase of the microorganisms, but
an intracellular product must be har-
vested when the batch culture growth
stops. Some bioreactors are designed for
*continuous culture.

biorhythm (biological rhythm) A
roughly periodic change in the behaviour
or physiology of an organism that is gen-
erated and maintained by a *biological
clock. Well-known examples are the *an-
nual and *circadian rhythms occurring in
many animals and plants. Infradian
rhythms, occurring in many cellular pro-
cesses, have a periodicity of less than 24
hours. An example of an ultradian
rhythm, with a periodicity greater than a
day, is the reproductive cycle of many ani-
mals that corresponds with the 29.5-day
lunar cycle.

biosensor A device that uses an immo-
bilized agent to detect or measure a chem-
ical compound. The agents include
enzymes, antibiotics, organelles, or whole
cells. A reaction between the immobilized
agent and the molecule being analysed is
transduced into an electronic signal. This
signal may be produced in response to the

presence of a reaction product, the move-
ment of electrons, or the appearance of
some other factor (e.g. light). Biosensors
are used in diagnostic tests: these allow
quick, sensitive, and specific analysis of a
wide range of biological products, includ-
ing antibiotics, vitamins, and other impor-
tant biomolecules (such as glucose), as
well as the determination of certain
*xenobiotics, such as synthetic organic
compounds.

biosphere The whole of the region of
the earth’s surface, the sea, and the air
that is inhabited by living organisms.

biostratigraphy The characterization
of rock strata on the basis of the fossils
they contain. See also STRATIGRAPHY.

biosynthesis The production of mol-
ecules by a living cell, which is the essen-
tial feature of *anabolism.

biosystematics See SYSTEMATICS.

biotechnology The development of
techniques for the application of biologi-
cal processes to the production of ma-
terials of use in medicine and industry.
For example, the production of antibiot-
ics, cheese, and wine rely on the activity
of various fungi and bacteria. *Genetic en-
gineering can modify bacterial cells to
synthesize completely new substances,
e.g. hormones, vaccines, *monoclonal
antibodies, etc., or introduce novel traits
into plants or animals. See also GENETI-
CALLY MODIFIED ORGANISMS (Feature).

biotic factor Any of the factors of an
organism’s environment that consist of
other living organisms and together make
up the biotic environment. These factors
may affect an organism in many ways; for
example, as competitors, predators, para-
sites, prey, or symbionts. In time, the dis-
tribution and abundance of the organism
will be affected by its interrelationships
with the biotic environment. Compare
ABIOTIC FACTOR.

biotin A vitamin in the *vitamin B com-
plex. It is the *coenzyme for various en-
zymes that catalyse the incorporation of
carbon dioxide into various compounds.
Adequate amounts are normally produced
by the intestinal bacteria in animals al-
though deficiency can be induced by con-
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suming large amounts of raw egg white.
This contains a protein, avidin, that
specifically binds biotin, preventing its ab-
sorption from the gut. Other sources of bi-
otin include cereals, vegetables, milk, and
liver.

biotite An important rock-forming sili-
cate mineral, a member of the *mica
group of minerals, in common with
which it has a sheetlike crystal structure.
It is usually black, dark brown, or green
in colour.

bipolar outflow A type of stellar wind
(see SOLAR WIND) that leaves a star mainly
from its poles. Such outflows are com-
monest in protostars, pre-main-sequence
stars and red giants, and account for a
great loss of stellar mass. They may take
the form of radio-emitting molecules or
long visible jets of gaseous material. It is
thought that a disc of dense gas around
the star’s equatorial regions prevents the
outflow of material elsewhere.

biprism A glass prism with an obtuse
angle that functions as two acute-angle
prisms placed base-to-base. A double
image of a single object is thus formed;
the device was used by Fresnel to produce
two coherent beams for interference ex-
periments.

bipyramid See cOMPLEX.
birds Sece AVEs.
birefringence See DOUBLE REFRACTION.

Birkeland-Eyde process A process for
the fixation of nitrogen by passing air
through an electric arc to produce nitro-
gen oxides. It was introduced in 1903 by
the Norwegian chemists Kristian Birke-
land (1867-1913) and Samuel Eyde (1866-
1940). The process is economic only if
cheap hydroelectricity is available.

birth See PARTURITION.

birth control (contraception) The inten-
tional avoidance of pregnancy by methods
that do not normally hinder sexual activ-
ity. The methods used can be ‘natural’ or
‘artificial’. Natural methods, often used
because of religious or moral objections to
artificial methods, include the rhythm
method, in which sexual intercourse is
avoided during times when ovulation oc-

curs; and coitus interruptus, an unreliable
method in which the penis is withdrawn
from the vagina before ejaculation. The
rhythm method requires a monitoring of
the woman’s menstrual cycle and may be
unsuitable in those women with irregular
cycles. Artificial methods use devices or
other agents (contraceptives) to prevent
pregnancy. They include the condom, a
rubber sheath placed over the penis to
trap the sperm; and the diaphragm, a rub-
ber cap placed over the cervix. Contracep-
tives that prevent *implantation include
the intrauterine device (IUD), a metal or
plastic coil placed in the uterus by a
doctor (which may cause unacceptable
bleeding in some women); and the ‘morn-
ing-after pill’, taken within three days
after sexual intercourse. Other *oral
contraceptives prevent ovulation. *Steri-
lization is usually considered to be irre-
versible but attempts at reversing the
process are possible. For casual relation-
ships, or relationships involving a partner
whose sexual history is not known, health
workers advise the use of condoms with
all other forms of contraception as this
provides the safest means of reducing the
risk of infection by *sexually transmitted
diseases.

birth rate (natality) The rate at which a
particular species or population produces
offspring. The birth rate of a species is
used to measure its fecundity (reproduc-
tive capability). It is also an important fac-
tor in controlling the size of a population.
Compare DEATH RATE.

bisexual (in biology) See HERMAPHRO-
DITE.

bismuth Symbol Bi. A white crystalline
metal with a pinkish tinge belonging to
*group 15 (formerly VB) of the periodic
table; a.n. 83; r.a.m. 208.98; r.d. 9.78; m.p.
271.3°C; b.p. 1560°C. The most important
ores are bismuthinite (Bi,S;) and bismite
(Bi,O3). Peru, Japan, Mexico, Bolivia, and
Canada are major producers. The metal is
extracted by carbon reduction of its oxide.
Bismuth is the most diamagnetic of all
metals and its thermal conductivity is
lower than any metal except mercury.
The metal has a high electrical resistance
and a high Hall effect when placed in
magnetic fields. It is used to make low-
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melting-point casting alloys with tin and
cadmium. These alloys expand on solidifi-
cation to give clear replication of intricate
features. It is also used to make thermally
activated safety devices for fire-detection
and sprinkler systems. More recent appli-
cations include its use as a catalyst for
making acrylic fibres, as a constituent of
malleable iron, as a carrier of uranium-
235 fuel in nuclear reactors, and as a spe-
cialized thermocouple material. Bismuth
compounds (when lead-free) are used for
cosmetics and medical preparations. It is
attacked by oxidizing acids, steam (at high
temperatures), and by moist halogens. It
burns in air with a blue flame to produce
yellow oxide fumes. C. G. Junine first
demonstrated that it was different from
lead in 1753.

bistability See OSCILLATING REACTION.
bistable circuit See FLIP-FLOP.
bisulphate Sec HYDROGENSULPHATE.

bisulphite Sece HYDROGENSULPHITE;
ALDEHYDES.

bit (binary digit) Either of the digits 0 or
1 as used in the *binary notation. Bits are
therefore the basic unit of information in
a computer system.

bite angle See CHELATE.

Bitnet A computer network originally
linking IBM mainframe systems located in
North America and with backing from
IBM. The network has been substantially
extended to other parts of the world, usu-
ally on a region-by-region basis, and has
been implemented on other computer
systems. Complete messages of any length
are transmitted from one computer sys-
tem to the next, until the destination is
reached.

bittern The solution of salts remaining
when sodium chloride is crystallized from
sea water.

Bitter pattern A microscopic pattern
that forms on the surface of a ferromag-
netic material that has been coated with a
colloidal suspension of small iron parti-
cles. The patterns outline the boundaries
of the magnetic domains (see MAGNETISM).
They were first observed by F. Bitter in
1931.

bitumen See PETROLEUM.
bituminous coal See coal.
bituminous sand See O1L SAND.

biuret test A biochemical test to detect
proteins in solution, named after the sub-
stance biuret (H,NCONHCONH,), which is
formed when urea is heated. Sodium hy-
droxide is mixed with the test solution
and drops of 1% copper(Il) sulphate solu-
tion are then added slowly. A positive re-
sult is indicated by a violet ring, caused by
the reaction of *peptide bonds in the pro-
teins or peptides. Such a result will not
occur in the presence of free amino acids.

bivalent 1. (in chemistry) (divalent) Hav-
ing a valency of two. 2. (in genetics) See
PAIRING.

Bivalvia (Pelecypoda; Lamellibranchia) A
class of aquatic molluscs (the bivalves)
that include the oysters, mussels, and
clams. They are characterized by a later-
ally flattened body and a shell consisting
of two hinged valves (i.e. a bivalved shell).
The enlarged gills are covered with cilia
and have the additional function of filter-
ing microscopic food particles from the
water flowing over them. Bivalves live on
the sea bed or lake bottom and are seden-
tary, so the head and foot are reduced.

Black, Joseph (1728-99) British chemist
and physician, born in France. He studied
at Glasgow and Edinburgh, where his the-
sis (1754) contained the first accurate de-
scription of the chemistry of carbon
dioxide. In 1757 he discovered latent heat,
and was the first to distinguish between
heat and temperature.

black body A hypothetical body that ab-
sorbs all the radiation falling on it. It thus
has an *absorptance and an *emissivity of
1. While a true black body is an imaginary
concept, a small hole in the wall of an en-
closure at uniform temperature is the
nearest approach that can be made to it in
practice.

Black-body radiation is the electromag-
netic radiation emitted by a black body. It
extends over the whole range of wave-
lengths and the distribution of energy
over this range has a characteristic form
with a maximum at a certain wavelength.
The position of the maximum depends on
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temperature, moving to shorter wave-
lengths with increasing temperature. See
STEFAN’S LAW; WIEN’S DISPLACEMENT LAW.

blackdamp (choke damp) Air left de-
pleted in oxygen following the explosion
of firedamp in a mine.

black dwarf A cold celestial object
thought to be the remains of a dead star
of low mass, that is formed after a *white
dwarf star has radiated away all of its heat
energy. Black dwarfs are extremely
difficult to detect, and because white
dwarfs take so long to cool down, it is pos-
sible that the universe may not yet be old
enough for any black dwarfs to have
formed.

black earth See CHERNOZEM.

black hole An object in space that has
collapsed under its own gravitational
forces to such an extent that its *escape
velocity is equal to the speed of light.
Black holes are believed to be formed in
the gravitational collapse of massive stars
at the ends of their lives (see STELLAR EVO-
LUTION; SUPERNOVA). If the mass of an
evolved stellar core is greater than the
Chandrasekhar limit for neutron stars
then neutron degeneracy pressure is un-
able to prevent contraction until the grav-
itational field is sufficiently strong to
prevent the escape of electromagnetic ra-
diation. The boundary of the black hole,
which is known as the event horizon, is
the surface in space at which the gravita-
tional field reaches this critical value.
Events occurring within this horizon (i.e.
in the interior of the black hole) cannot
be observed from outside.

The theoretical study of black holes in-
volves the use of general *relativity. It has
been shown that a black hole can be char-
acterized uniquely by just three proper-
ties: its mass, angular momentum, and
electrical charge (this is known as the no-
hair theorem). Mathematical expressions
have been derived for describing black
holes; these are the Schwarzschild solu-
tion (uncharged nonrotating hole), the
Reissner-Nordstrem solution (charged
nonrotating hole), the Kerr solution (un-
charged rotating hole), and the Kerr-
Newman solution (charged rotating hole).

The ultimate fate of matter inside the
black hole’s event horizon is as yet un-

known. General relativity predicts that at
the centre of the hole there is a singular-
ity, a point at which the density becomes
infinite and the presently understood laws
of physics break down. It is possible that a
successful quantum theory of gravity
could resolve this problem. However,
since any singularity is hidden within the
event horizon, it cannot influence the out-
side universe, so the normal laws of
physics, including general relativity, can
be used to describe processes outside the
black hole.

Observational evidence of objects
thought to be black holes comes from
their effect on surrounding matter. Thus,
if a black hole is part of a binary system
with another star it will attract and cap-
ture matter from this star. The material
leaving the star first forms a rotating ac-
cretion disc around the black hole, in
which the matter becomes compressed
and heated to such an extent that it emits
X-rays. In the constellation Cygnus there
is an X-ray source, Cygnus X-1, which con-
sists of a supergiant star revolving around
a small invisible companion with a mass
of about ten times that of the sun, and
therefore well above the Chandrasekhar
limit. The companion is thought to be a
black hole. Black holes have also been
postulated as the power sources of
*quasars and as possible generators of
*gravitational waves. It appears that there
may be very large black holes at the cen-
tres of all galaxies. It has been suggested
that black-hole formation could be the
cause of gamma-ray bursts.

Theoreticians have also postulated the
existence of ‘mini’ black holes (with
masses of about 10'? kilograms and radii
about 107'° metre). Such entities might
have been formed shortly after the big
bang when the universe was created.
Quantum-mechanical effects are impor-
tant for mini black holes, which emit
Hawking radiation (see HAWKING PROCESS).
See also SCHWARZSCHILD RADIUS.

black lead See CARBON.

bladder 1. (in anatomy) a. A hollow
muscular organ in most vertebrates, also
known as the urinary bladder, in which
urine is stored before being discharged. In
mammals urine is conveyed from the
*kidneys to the bladder by the *ureters
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and is discharged to the outside through
the *urethra. b. Any of various other
saclike organs in animals for the storage
of liquid or gas. See GALL BLADDER; SWIM
BLADDER. 2. (in botany) a. A modified sub-
merged leaf of certain aquatic insectivo-
rous plants, such as the bladderwort
(Utricularia). It forms a hollow with a sin-
gle opening that is sealed by a valve to
trap small aquatic invertebrates after they
have been sucked in. b. An air-filled cavity
in the thallus of certain seaweeds, such as
the bladderwrack (Fucus vesiculosus).

blanc fixe See BARIUM SULPHATE.

Blandford-Znajek process An astro-
physical process in which an external
magnetic field is able to ‘tap’ the rota-
tional energy of a rotating black hole,
thereby making the black hole a powerful
source of energy. There is some evidence
that the process occurs around certain
types of black hole. It was proposed by
Roger Blandford and Roman Znajek in
1977. See also PENROSE PROCESS.

blast furnace A furnace for smelting
iron ores, such as haematite (Fe,0j;) or
magnetite (Fe;0,4), to make *pig iron. The
furnace is a tall refractory-lined cylindri-
cal structure that is charged at the top
with the dressed ore (see BENEFICIATION),
coke, and a flux, usually limestone. The
conversion of the iron oxides to metallic
iron is a reduction process in which car-
bon monoxide and hydrogen are the re-
ducing agents. The overall reaction can be
summarized thus:

Fe,0, + 2CO + 2H, — 3Fe + 2CO, +
2H,0

The CO is obtained within the furnace by
blasting the coke with hot air from a ring
of tuyeres about two-thirds of the way
down the furnace. The reaction producing
the CO is:

2C + 0, — 2CO

In most blast furnaces hydrocarbons (oil,
gas, tar, etc.) are added to the blast to pro-
vide a source of hydrogen. In the modern
direct-reduction process the CO and H,
may be produced separately so that the
reduction process can proceed at a lower
temperature. The pig iron produced by a
blast furnace contains about 4% carbon

and further refining is usually required to
produce steel or cast iron.

blasting gelatin A high explosive
made from nitroglycerine and gun cotton
(cellulose nitrate).

blastocoel See BLASTULA.
blastocyst See BLASTULA; IMPLANTATION.

blastula The stage of *development of
an animal embryo that results from
*cleavage of a fertilized egg. This stage
generally resembles a hollow ball with
the dividing cells (blastomeres) of the em-
bryo forming a layer (blastoderm) around
a central cavity (blastocoel). Insect eggs
have no blastula. In vertebrates the blas-
tula forms a disc (blastodisc) on the sur-
face of the yolk. In mammals the blastula
stage is known as a blastocyst. See also GAS-
TRULA.

blazar A very active type of galaxy,
named from a combination of BL Lacertae
object and quasar. Its light output varies
greatly, perhaps caused by jets of gas ex-
pelled from the nucleus of the galaxy at
speeds approaching the speed of light.
This effect is known as relativistic beam-
ing and if it is directed towards the earth,
it is seen as violent fluctuations in radia-
tion.

bleaching powder A white solid re-
garded as a mixture of calcium chlorate(I),
calcium chloride, and calcium hydroxide.
It is prepared on a large scale by passing
chlorine gas through a solution of calcium
hydroxide. Bleaching powder is sold on
the basis of available chlorine, which is
liberated when it is treated with a dilute
acid. It is used for bleaching paper pulps
and fabrics and for sterilizing water.

blende A naturally occurring metal sul-
phide, e.g. zinc blende ZnS.

blending inheritance The early theory
that assumed that hereditary substances
from parents merge together in their off-
spring. Mendel showed that this does not
occur (see MENDEL’S LAWS). In breeding ex-
periments an appearance of blending may
result from codominant alleles (see co-
DOMINANCE) and *polygenes but close
study shows that the alleles retain their
identity through successive generations.
Compare PARTICULATE INHERITANCE.
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factors (red cells)
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lymphocytes (24%)

agranulocytes

Composition of mammalian blood

blind spot The portion of the retina at
which blood vessels and nerve fibres enter
the optic nerve. There are no rods or
cones in this area, so no visual image can
be transmitted from it.

block See PERIODIC TABLE.
block copolymer See POLYMER.

blood A fluid body tissue that acts as a
transport medium within an animal. It is
contained within a blood *vascular sys-
tem and in vertebrates is circulated by
means of contractions of the *heart. Oxy-
gen and food are carried to tissues, and
carbon dioxide and chemical (nitrog-
enous) waste are transported from tissues
to excretory organs for disposal (*excre-
tion). In addition blood carries *hormones
and also acts as a defence system. Blood
consists of a liquid (see BLOOD PLASMA) con-
taining blood cells (see ERYTHROCYTE; LEU-
cocyTE) and *platelets (see illustration).

blood-brain barrier The mechanism
that controls the passage of substances
from the blood to the cerebrospinal fluid
bathing the brain and spinal cord. It takes
the form of a semipermeable lipid mem-
brane permitting the passage of solutions
but excluding particles and large mol-
ecules. This barrier provides the central
nervous system with a constant environ-
ment, while not interfering with the
transport of essential metabolites.

blood capillary See CAPILLARY.

blood cell (blood corpuscle) Any of the
cells that are normally found in the blood
plasma. These include red cells (see ERYTH-
ROCYTE) and white cells (see LEUCOCYTE).

blood clotting (blood coagulation) The
production of a mass of semisolid ma-
terial at the site of an injury that closes
the wound, helping to prevent further
blood loss and bacterial invasion. The clot
is formed by the action of *clotting fac-
tors and *platelets. Damage to tissue trig-
gers a series of reactions involving
thromboplastin (a glycoprotein), calcium
ions, phospholipids (from platelets), and
clotting factors, which results in the con-
version of *prothrombin in the blood to
its enzymically active form thrombin.
Thrombin catalyses the formation of the
insoluble protein fibrin from soluble
fibrinogen; the fibrin forms a fibrous net-
work in which blood cells become en-
meshed, producing a clot.

blood groups The many types into
which an individual’s blood may be
classified, based on the presence or ab-
sence of certain antigenic proteins (*ag-
glutinogens) on the surface of the red
blood cells. Blood of one group contains
*antibodies in the serum that react
against the agglutinogens on the cells of
other groups. Incompatibility between
groups results in clumping of cells (*ag-
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glutination), so knowledge of blood
groups is important for blood transfu-
sions. In man, the two most important
blood group systems are the *ABO system
and the system involving the *rhesus fac-
tor.

blood plasma The liquid part of the
*blood (i.e. excluding blood cells). It con-
sists of water containing a large number
of dissolved substances, including pro-
teins, salts (especially sodium and potas-
sium chlorides and bicarbonates), food
materials (glucose, amino acids, fats), hor-
mones, vitamins, and excretory materials.
See also BLOOD SERUM; LYMPH.

blood platelet See PLATELET.

blood pressure The pressure exerted
by the flow of blood through the major ar-
teries of the body. This pressure is great-
est during the contraction of the
ventricles of the heart (systolic pressure;
see SYSTOLE), which forces blood into the
arterial system. Pressure falls to its lowest
level when the heart is filling with blood
(diastolic pressure; see DIASTOLE). Blood
pressure is measured in millimetres of
mercury using an instrument called a
sphygmomanometer. Normal blood pres-
sure for a young average adult human is
in the region of 120/80 mmHg (the higher
number is the systolic blood pressure; the
lower number the diastolic blood pres-
sure), but individual variations are com-
mon. Abnormally high blood pressure
(hypertension) may be associated with dis-
ease or it may occur without an apparent
cause.

blood serum Blood plasma from which
the fibrin and clotting factors have been
removed by centrifugation or vigorous
stirring, so that it cannot clot. Serum con-
taining a specific antibody or antitoxin
may be used in the treatment or preven-
tion of certain infections. Such serum is
generally derived from a nonhuman
mammal (e.g. a horse).

blood vascular system The tissues
and organs of an animal that transport
blood through the body. In vertebrates it
consists of the heart and blood vessels. See
VASCULAR SYSTEM.

blood vessel A tubular structure
through which the blood of an animal

flows. See ARTERY; ARTERIOLE; CAPILLARY;
VENULE; VEIN.

blooming The process of depositing a
transparent film of a substance, such as
magnesium fluoride, on a lens to reduce
(or eliminate) the reflection of light at

the surface. The film is about one quarter
of a wavelength thick and has a lower *re-
fractive index than the lens. The anti-
reflection effect is achieved by destructive
interference.

blue-green bacteria See CYANOBACTE-
RIA.

blue vitriol See COPPER(II) SULPHATE.
B lymphocyte See B CELL.

B-meson Symbol B’. A meson that con-
sists of a down quark and an anti-bottom
quark. It is electrically neutral, has spin
zero, and a mass of 5.279 GeV. The anti-
particle consists of a bottom quark and an
anti-down quark. It is hoped that study of
the decays of B-mesons will shed light on
the problem of *CP violation.

boat conformation See CONFOR-
MATION.

BOD See BIOCHEMICAL OXYGEN DEMAND.

Bode, Johann Elert (1747-1826) Ger-
man astronomer, who became director of
the Berlin Observatory. In 1766 his com-
patriot Johann Titius had discovered an
apparently coincidental mathematical
relationship involving the distances of
the planets from the sun. If 4 is added to
each number in the series 0, 3, 6, 12,
24,... and the answers divided by 10,

the resulting sequence gives the dis-
tances of the planets in astronomical
units (earth = 1). Known now as Bode's
law, or the Titius-Bode law, it fails for
Neptune and Pluto.

body cavity The internal cavity of the
body of an animal, which is present in
most invertebrates and all vertebrates and
contains the major organs. The body cav-
ity of vertebrates and many invertebrates
is the *coelom. In vertebrates the body
cavity is divided by a transverse septum
just posterior to the heart into the abdom-
inal and thoracic cavities (see ABDOMEN;
THORAX). In mammals the septum is the
*diaphragm.
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body-centred cubic (b.c.c.) See cusic
CRYSTAL.

body fluid Any of the fluids found
within animals, including blood, lymph,
tissue fluid, urine, bile, sweat, and syno-
vial fluid. Body fluids are generally in-
volved with the processes of transport,
excretion, or lubrication. They allow the
distribution of oxygen and nutrients to
the tissues and organs and the transport
of waste products from the tissues, en-
abling their elimination from the body.

boehmite A mineral form of a mixed
aluminium oxide and hydroxide, AI0.OH.
It is named after the German scientist J.
BOhm. See ALUMINIUM HYDROXIDE.

Bohr, Niels Henrik David (1885-1962)
Danish physicist. In 1913 he published his
explanation of how atoms, with electrons
orbiting a central nucleus, achieve stabil-
ity by assuming that their angular mo-
mentum is quantized. Movement of
electrons from one orbit to another is ac-
companied by the absorption or emission
of energy in the form of light, thus ac-
counting for the series of lines in the
emission *spectrum of hydrogen. For this
work Bohr was awarded the 1922 Nobel
Prize. See BOHR THEORY.

Bohr effect The effect of pH on the dis-
sociation of oxygen from haemoglobin,
first discovered by the Danish physiologist
Christian Bohr (1855-1911). An increase
in carbon dioxide concentration makes
the blood more acidic and decreases the
efficiency of the uptake of oxygen by
haemoglobin molecules. This shifts the
*oxygen dissociation curve to the right
and increases the tendency of haemo-
globin to release oxygen. Thus in actively
respiring tissues, where the concentration
of carbon dioxide in the blood is high,
haemoglobin readily releases its oxygen,
while in the lungs, where blood carbon
dioxide is low (due to its continual diffu-
sion into the alveoli), haemoglobin readily
binds oxygen.

bohrium Symbol Bh. A radioactive
*transactinide element; a.n. 107. It was
first made in 1981 by Peter Armbruster
and a team in Darmstadt, Germany, by
bombarding bismuth-209 nuclei with

chromium-54 nuclei. Only a few atoms of
bohrium have ever been detected.

Bohr theory The theory published in
1913 by Niels Bohr to explain the line
spectrum of hydrogen. He assumed that a
single electron of mass m travelled in a
circular orbit of radius r, at a velocity v,
around a positively charged nucleus. The
*angular momentum of the electron
would then be mvr. Bohr proposed that
electrons could only occupy orbits in
which this angular momentum had cer-
tain fixed values, h/2x, 2h/2w, 3h/2T,...
nh/2n, where h is the Planck constant. This
means that the angular momentum is
quantized, i.e. can only have certain val-
ues, each of which is a multiple of n. Each
permitted value of n is associated with an
orbit of different radius and Bohr as-
sumed that when the atom emitted or ab-
sorbed radiation of frequency v, the
electron jumped from one orbit to an-
other; the energy emitted or absorbed by
each jump is equal to hv. This theory gave
good results in predicting the lines ob-
served in the spectrum of hydrogen and
simple ions such as He*, Li**, etc. The idea
of quantized values of angular momen-
tum was later explained by the wave na-
ture of the electron. Each orbit has to
have a whole number of wavelengths
around it; i.e. nA = 2nr, where A is the
wavelength and n a whole number. The
wavelength of a particle is given by h/mv,
so nhfmv = 2xr, which leads to mvr = nh/2m.
Modern atomic theory does not allow sub-
atomic particles to be treated in the same
way as large objects, and Bohr’s reasoning
is somewhat discredited. However, the
idea of quantized angular momentum has
been retained.

boiling point (b.p.) The temperature at
which the saturated vapour pressure of a
liquid equals the external atmospheric
pressure. As a consequence, bubbles form
in the liquid and the temperature remains
constant until all the liquid has evapo-
rated. As the boiling point of a liquid de-
pends on the external atmospheric
pressure, boiling points are usually
quoted for standard atmospheric pressure
(760 mmHg = 101 325 Pa).

boiling-point-composition diagram
A graph showing how the boiling point
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and vapour composition of a mixture of
two liquids depends on the composition
of the mixture. The abscissa shows the
range of compositions from 100% A at one
end to 100% B at the other. The diagram
has two curves: the lower one gives the
boiling points (at a fixed pressure) for the
different compositions. The upper one is
plotted by taking the composition of
vapour at each temperature on the boil-
ing-point curve. The two curves would co-
incide for an ideal mixture, but generally
they are different because of deviations
from *Raoult’s law. In some cases, they
may show a maximum or minimum and
coincide at some intermediate composi-
tion, explaining the formation of
*azeotropes.

boiling-point elevation See ELEVATION
OF BOILING POINT.

boiling-water reactor See NUCLEAR RE-
ACTOR.

Bok globule A near-spherical dark
*nebula thought to consist of gas and dust
clouds collapsing under gravity. The glob-
ules are visible against emission nebulae
or stars in the background. The fragments
formed, as the globules collapse, form
protostars (see STELLAR EVOLUTION), some-
times accompanied by *bipolar outflows.
They are named after Bart Jason Bok
(1906-83).

bolometer A sensitive instrument used
to measure radiant heat. The original
form consists of two elements, each com-
prising blackened platinum strips (about
1073 mm thick) arranged in series on an
insulated frame to form a zigzag. The two
elements are connected into the adjacent
arms of a *Wheatstone bridge; one el-
ement is exposed to the radiation, the
other is shielded from it. The change in
the resistance of the exposed element, as
detected by the bridge galvanometer, en-
ables the heat reaching it to be calculated.

Modern semiconductor bolometers are
now common, in which the platinum is
replaced by a strip of semiconductor: this
has a much greater (though usually nega-
tive) *temperature coefficient of resis-
tance, and makes the system more
sensitive.

Boltzmann, Ludwig Eduard

(1844-1906) Austrian physicist. He held
professorships in Graz, Vienna, Munich,
and Leipzig, where he worked on the ki-
netic theory of gases (se¢e MAXWELL-
BOLTZMANN DISTRIBUTION) and on thermo-
dynamics (see BOLTZMANN EQUATION). He
suffered from depression and committed
suicide.

Boltzmann constant Symbol k or k;.
The ratio of the universal gas constant (R)
to the Avogadro constant (N,). It may be
thought of therefore as the gas constant
per molecule:

k=R/N, = 1.380 658(12) x 1072 JK*
It is named after Ludwig Boltzmann.

Boltzmann equation An equation
used in the study of a collection of parti-
cles in *non-equilibrium statistical me-
chanics, particularly their transport
properties. The Boltzmann equation de-
scribes a quantity called the distribution
function, f, which gives a mathematical
description of the state and how it is
changing. The distribution function de-
pends on a position vector r, a velocity
vector v, and the time t; it thus provides a
statistical statement about the positions
and velocities of the particles at any time.
In the case of one species of particle being
present, Boltzmann’s equation can be
written

affat + a.(3ffav) + v.(ffor) = () con:

where a is the acceleration of bodies be-
tween collisions and (9f]dt).y is the rate of
change of fir,v,t) due to collisions. The
Boltzmann equation can be used to calcu-
late *transport coefficients, such as *con-
ductivity. The Boltzmann equation was
proposed in 1872.

Boltzmann formula An equation con-
cerning the entropy S of a system derived
from statistical mechanics. The formula is
S =k InW, where k is the Boltzmann con-
stant and W is the number of distinguish-
able ways of describing the system. It
expresses in quantitative terms the con-
cept that entropy is a measure of the dis-
order of a system.

bolus The ball of chewed food bound to-
gether with saliva that is formed in the
mouth by the action of the tongue. The
bolus is shaped to a size that allows it to
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borane

pass into the oesophagus after being swal-
lowed (see DEGLUTITION).

bomb calorimeter An apparatus used
for measuring heats of combustion (e.g.
calorific values of fuels and foods). It con-
sists of a strong container in which the
sample is sealed with excess oxygen and
ignited electrically. The heat of combus-
tion at constant volume can be calculated
from the resulting rise in temperature.

bond See CHEMICAL BOND.

bond energy An amount of energy as-
sociated with a bond in a chemical com-
pound. It is obtained from the heat of
atomization. For instance, in methane the
bond energy of the C-H bond is one quar-
ter of the enthalpy of the process

CH,(g) — C(g) + 4H(g)

Bond energies (or bond enthalpies) can be
calculated from the standard enthalpy of
formation of the compound and from the
enthalpies of atomization of the elements.
Energies calculated in this way are called
average bond energies or bond-energy
terms. They depend to some extent on the
molecule chosen; the C-H bond energy in
methane will differ slightly from that in
ethane. The bond dissociation energy is a
different measurement, being the energy
required to break a particular bond; e.g.
the energy for the process:

CH,(g) - CHs(g) + H-(g)

Bondi, Hermann See HOYLE, SIR FRED.
bonding orbital See ORBITAL.

bone The hard connective tissue of
which the *skeleton of most vertebrates
is formed. It comprises a matrix of *colla-
gen fibres (30%) impregnated with bone
salts (70%), mostly calcium phosphate, in
which are embedded bone cells (see OSTEO-
CYTE; OSTEOBLAST; OSTEOCLAST). Bone gen-
erally replaces embryonic *cartilage and
is of two sorts - compact bone and spongy
bone. The outer compact bone is formed
as concentric layers (lamellae) that sur-
round small holes (*Haversian canals): see
illustration. The inner spongy bone is
chemically similar but forms a network of
bony bars. The spaces between the bars
may contain bone marrow or (in birds) air

for lightness. See also CARTILAGE BONE;
MEMBRANE BONE; PERIOSTEUM.

Haversian
canal

concentric
lamellae
calcified
matrix

bone cell

single Haversian system

Structure of compact bone

bone black See CHARCOAL.

bone marrow A soft tissue contained
within the central cavity and internal
spaces of a bone. At birth and in young
animals the marrow of all bones is con-
cerned with the formation of blood cells:
it contains *haemopoietic tissue and is
known as red marrow. In mature animals
the marrow of the long bones ceases pro-
ducing blood cells and is replaced by fat,
being known as yellow marrow.

bony fishes See OSTEICHTHYES.
bony labyrinth See LABYRINTH.

Boolean algebra A form of symbolic
logic, devised by George Boole (1815-64)
in the middle of the 19th century, which
provides a mathematical procedure for
manipulating logical relationships in sym-
bolic form. For example in Boolean alge-
bra a + b means a or b, while ab means a
and b. It makes use of *set theory and is
extensively used by the designers of com-
puters to enable the bits 0 and 1, as used
in the binary notation, to relate to the log-
ical functions the computer needs in car-
rying out its calculations.

borane (boron hydride) Any of a group
of compounds of boron and hydrogen,
many of which can be prepared by the ac-
tion of acid on magnesium boride (MgB,).
Others are made by pyrolysis of the prod-
ucts of this reaction in the presence of hy-
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“He
Diborane, the simplest of the boranes

drogen and other reagents. They are all
volatile, reactive, and oxidize readily in
air, some explosively so. The boranes are
a remarkable group of compounds in that
their structures cannot be described using
the conventional two-electron covalent
bond model (see ELECTRON-DEFICIENT COM-
POUND). The simplest example is diborane
(B,Hg): see formula. Other boranes include
B4H,0, BsHo, BsH; 4, BgHyp, and B,oH,. The
larger borane molecules have open or
closed polyhedra of boron atoms. In addi-
tion, there is a wide range of borane
derivatives containing atoms of other el-
ements, such as carbon and phosphorus.
Borohydride ions of the type BgHg>™ also
exist. Boranes and borohydride ions are
classified according to their structure.
Those with a complete polyhedron are
said to have a closo-structure. Those in
which the polyhedron is incomplete by
loss of one vertex have a nido-structure
(from the Greek for ‘nest’). Those with
open structures by removal of two or
more vertices have an arachno-structure
(from the Greek for ‘spider’).

borate Any of a wide range of ionic
compounds that have negative ions con-
taining boron and oxygen (see formulae).
Lithium borate, for example, contains the
simple anion B(OH),". Most borates, how-
ever, are inorganic polymers with rings,
chains, or other networks based on the
planar BO; group or the tetrahedral
BO;(OH) group. ‘Hydrated’ borates are
ones containing ~OH groups; many exam-
ples occur naturally. Anhydrous borates,
which contain BO; groups, can be made
by melting together boric acid and metal
oxides.

borax (disodium tetraborate-10-water)
A colourless monoclinic solid,
Na,B,0,.10H,0, soluble in water and very
slightly soluble in ethanol; monoclinic;
r.d. 1.73; loses 8H,0 at 75°C; loses 10H,0
at 320°C. The formula gives a misleading
impression of the structure. The com-

pound contains the ion [B,O5(OH),]* (see
BORATE). Attempts to recrystallize this
compound above 60.8°C yield the penta-
hydrate. The main sources of borax are
the borate minerals kernite (Na,B,O,.
4H,0) and tincal (Na,B,0,.10H,0). The
ores are purified by carefully controlled
dissolution and recrystallization. On treat-
ment with mineral acids borax gives boric
acid.

Borax is a very important substance in
the glass and ceramics industries as a raw
material for making borosilicates. It is
also important as a metallurgical flux be-
cause of the ability of molten borates to
dissolve metal oxides. In solution it par-
tially hydrolyses to boric acid and can
thus act as a buffer. For this reason it is
used as a laundry pre-soak. It is used
medicinally as a mild alkaline antiseptic
and astringent for the skin and mucous
membranes.

Disodium tetraborate is the source of
many industrially important boron com-

NN
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(BO,)n as in CaB,0,
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o~ B\\o
HO—B( O “B—OH
O\B-/O
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as in borax Na,B,0,.10H,0

Structure of some typical borate ions
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Born-Haber cycle

pounds, such as barium borate (fungicidal
paints), zinc borate (fire-retardant additive
in plastics), and boron phosphate (hetero-
geneous acid catalyst in the petrochemi-
cals industry).

borax-bead test A simple laboratory
test for certain metal ions in salts. A small
amount of the salt is mixed with borax
and a molten bead formed on the end of a
piece of platinum wire. Certain metals
can be identified by the colour of the bead
produced in the oxidizing and reducing
parts of a Bunsen flame. For example, iron
gives a bead that is red when hot and yel-
low when cold in the oxidizing flame and
a green bead in the reducing flame.

borax carmine A red dye, used in opti-
cal microscopy, that stains nuclei and cy-
toplasm pink. It is frequently used to stain
large pieces of animal tissue.

borazon See BORON NITRIDE.

Bordeaux mixture A mixture of cop-
per(Il) sulphate and calcium hydroxide in
water, used as a fungicide.

boric acid Any of a number of acids
containing boron and oxygen. Used with-
out qualification the term applies to the
compound H;BO; (which is also called
orthoboric acid or, technically, trioxo-
boric(lll) acid). This is a white or colour-
less solid that is soluble in water and
ethanol; triclinic; r.d. 1.435; m.p. 169°C.
It occurs naturally in the condensate
from volcanic steam vents (suffioni).
Commercially, it is made by treating bo-
rate minerals (e.g. kernite, Na,B,0,.4H,0)
with sulphuric acid followed by recrystal-
lization.

In the solid there is considerable hydro-
gen bonding between H;BO; molecules re-
sulting in a layer structure, which
accounts for the easy cleavage of the crys-
tals. H;BO; molecules also exist in dilute
solutions but in more concentrated solu-
tions polymeric acids and ions are formed
(e.g. H4B,0O,; pyroboric acid or tetrahy-
droxomonoxodiboric(lll) acid). The com-
pound is a very weak acid but also acts as
a Lewis *acid in accepting hydroxide ions:

B(OH), + H,0 = B(OH), + H*

If solid boric acid is heated it loses water
and transforms to another acid at 300°C.

This is given the formula HBO, but is in
fact a polymer (HBO,),. It is called meta-
boric acid or, technically, polydioxo-
boric(lll) acid.

Boric acid is used in the manufacture of
glass (borosilicate glass), glazes and enam-
els, leather, paper, adhesives, and explo-
sives. It is widely used (particularly in the
USA) in detergents, and because of the
ability of fused boric acid to dissolve other
metal oxides it is used as a flux in brazing
and welding. Because of its mild antisep-
tic properties it is used in the pharmaceu-
tical industry and as a food preservative.

boride A compound of boron with a
metal. Most metals form at least one
boride of the type MB, MB,, MB,, MB, or
MB;,. The compounds have a variety of
structures; in particular, the hexaborides
contain clusters of Bs atoms. The borides
are all hard high-melting materials with
metal-like conductivity. They can be made
by direct combination of the elements at
high temperatures (over 2000°C) or, more
usually, by high-temperature reduction of
a mixture of the metal oxide and boron
oxide using carbon or aluminium. Chemi-
cally, they are stable to nonoxidizing acids
but are attacked by strong oxidizing
agents and by strong alkalis. Magnesium
boride (MgB,) is unusual in that it can be
hydrolysed to boranes. Industrially, metal
borides are used as refractory materials.
The most important are CrB, CrB,, TiB,,
and ZnB,. Generally, they are fabricated
using high-temperature powder metal-
lurgy, in which the article is produced in
a graphite die at over 2000°C and at very
high pressure. Items are pressed as near
to final shape as possible as machining re-
quires diamond cutters and is extremely
expensive.

Born-Haber cycle A cycle of reactions
used for calculating the lattice energies of
ionic crystalline solids. For a compound
MX, the lattice energy is the enthalpy of
the reaction

M(g) + X(g) > MX(s) AH,,
The standard enthalpy of formation of the
ionic solid is the enthalpy of the reaction
M(s) + 2X,(g) - M*X"(s) AHg

The cycle involves equating this enthalpy
(which can be measured) to the sum of
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the enthalpies of a number of steps pro-
ceeding from the elements to the ionic
solid. The steps are:

(1) Atomization of the metal:

M(s) — M(g) AH,

(2) Atomization of the nonmetal:
72X5(g) — X(g) AH,

(3) Ionization of the metal:
M(g) - M*(g) + e AH,

This is obtained from the ionization po-
tential.
(4) Ionization of the nonmetal:

X(g) + e — X'(g) AH,

This is the electron affinity.
(5) Formation of the ionic solids:

M*(g) + X(g) - M"X(s) AH,,
Equating the enthalpies gives:
AH¢= AH, + AH, + AH; + AH, + AH,,

from which AH; can be found. It is named
after the German physicist Max Born
(1882-1970) and the chemist Fritz Haber.

bornite An important ore of copper
composed of a mixed copper-iron sul-
phide, CusFeS,. Freshly exposed surfaces
of the mineral are a metallic reddish-
brown but a purplish iridescent tarnish
soon develops - hence it is popularly
known as peacock ore. Bornite is mined in
Chile, Peru, Bolivia, Mexico, and the USA.

Born-Oppenheimer approximation
An *adiabatic approximation used in mo-
lecular and solid-state physics in which
the motion of atomic nuclei is taken to be
so much slower than the motion of elec-
trons that, when calculating the motions
of electrons, the nuclei can be taken to be
in fixed positions. This approximation was
justified using *perturbation theory by
Max Born and the US physicist Julius
Robert Oppenheimer (1904-67) in 1927.

borohydride ion Sce BORANE.

boron Symbol B. An element of *group
13 (formerly IIIB) of the periodic table;
an. 5; r.am. 10.81; r.d. 2.34-2.37 (amor-
phous); m.p. 2300°C; b.p. 2550°C. It forms
two allotropes; amorphous boron is a
brown powder but metallic boron is
black. The metallic form is very hard (9.3

on Mohs’ scale) and is a poor electrical
conductor at room temperature. At least
three crystalline forms are possible; two
are rhombohedral and the other tetrago-
nal. The element is never found free in
nature. It occurs as orthoboric acid in vol-
canic springs in Tuscany, as borates in
kernite (Na,B,0,.4H,0), and as colemanite
(Ca,Bg04,.5H,0) in California. Samples
usually contain isotopes in the ratio of
19.78% boron-10 to 80.22% boron-11. Ex-
traction is achieved by vapour-phase re-
duction of boron trichloride with
hydrogen on electrically heated filaments.
Amorphous boron can be obtained by re-
ducing the trioxide with magnesium pow-
der. Boron when heated reacts with
oxygen, halogens, oxidizing acids, and hot
alkalis. It is used in semiconductors and in
filaments for specialized aerospace appli-
cations. Amorphous boron is used in
flares, giving a green coloration. The iso-
tope boron-10 is used in nuclear reactor
control rods and shields. The element was
discovered in 1808 by Sir Humphry Davy
and by J. L. Gay-Lussac and L. J. Thenard.

boron carbide A black solid, B,C, solu-
ble only in fused alkali; it is extremely
hard, over 92 on Mohs’ scale; rhombohe-
dral; r.d. 2.52; m.p. 2350°C; b.p. >3500°C.
Boron carbide is manufactured by the re-
duction of boric oxide with petroleum
coke in an electric furnace. It is used
largely as an abrasive, but objects can also
be fabricated using high-temperature
powder metallurgy. Boron nitride is also
used as a neutron absorber because of its
high proportion of boron-10.

boron counter A *counter tube con-
taining a boron chamber, used for count-
ing slow neutrons. The boron chamber is
lined with boron or a boron compound or
is filled with the gas boron trifluoride
(BF;). As natural boron contains about 18%
of the isotope boron-10, and as this iso-
tope absorbs neutrons with the emission
of an alpha particle, the chamber can be
coupled with a scaler to count the alpha
particles emitted when neutrons enter
the chamber.

boron hydride See BORANE.

boron nitride A solid, BN, insoluble in
cold water and slowly decomposed by hot
water; r.d. 2.25 (hexagonal); sublimes
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above 3000°C. Boron nitride is manufac-
tured by heating boron oxide to 800°C on
an acid-soluble carrier, such as calcium
phosphate, in the presence of nitrogen or
ammonia. It is isoelectronic with carbon
and, like carbon, it has a very hard cubic
form (borazon) and a softer hexagonal
form; unlike graphite this is a nonconduc-
tor. It is used in the electrical industries
where its high thermal conductivity and
high resistance are of especial value.

boron trichloride A colourless fuming
liquid, BCl;, which reacts with water to
give hydrogen chloride and boric acid; r.d.
1.349; m.p. -107°C; b.p. 12.5°C. Boron
trichloride is prepared industrially by the
exothermic chlorination of boron carbide
at above 700°C, followed by fractional dis-
tillation. An alternative, but more expen-
sive, laboratory method is the reaction of
dry chlorine with boron at high tempera-
ture. Boron trichloride is a Lewis *acid,
forming stable addition compounds with
such donors as ammonia and the amines
and is used in the laboratory to promote
reactions that liberate these donors. The
compound is important industrially as a
source of pure boron (reduction with hy-
drogen) for the electronics industry. It is
also used for the preparation of boranes
by reaction with metal hydrides.

borosilicate Any of a large number of
substances in which BO; and SiO, units
are linked to form networks with a wide
range of structures. Borosilicate glasses
are particularly important; the addition of
boron to the silicate network enables the
glass to be fused at lower temperatures
than pure silica and also extends the plas-
tic range of the glass. Thus such glasses as
Pyrex have a wider range of applications
than soda glasses (narrow plastic range,
higher thermal expansion) or silica (much
higher melting point). Borosilicates are
also used in glazes and enamels and in
the production of glass wools.

Bosch, Carl Sece BERGIUS, FRIEDRICH KARL
RUDOLF; HABER PROCESS.

Bosch process See HABER PROCESS.

Bose-Einstein condensation A phe-
nomenon occurring in a macroscopic sys-
tem consisting of a large number of
*bosons at a sufficiently low temperature,

in which a significant fraction of the parti-
cles occupy a single quantum state of low-
est energy (the ground state). Bose-
Einstein condensation can only take place
for bosons whose total number is con-
served in collisions. Because of the Pauli
exclusion principle, it is impossible for
two or more fermions to occupy the same
quantum state, and so there is no analo-
gous condensation phenomenon for such
particles. Bose-Einstein condensation is of
fundamental importance in explaining
the phenomenon of *superfluidity. At
very low temperatures (around 2 x 107 K)
a Bose-Einstein condensate can form, in
which several thousand atoms become a
single entity (a superatom). This effect has
been observed with atoms of rubidium
and lithium and certain other atomic sys-
tems at very low temperature. The effect
is named after the Indian physicist
Satyendra Nath Bose (1894-1974) and
Albert Einstein.

Bose-Einstein statistics See QquaNTUM
STATISTICS.

boson An *elementary particle (or
bound state of an elementary particle, e.g.
an atomic nucleus or an atom) with inte-
gral spin; i.e. a particle that conforms to
Bose-Einstein statistics (see QUANTUM
STATISTICS), from which it derives its
name. Compare FERMION.

botany The scientific study of plants, in-
cluding their anatomy, morphology, phys-
iology, biochemistry, taxonomy, cytology,
genetics, ecology, evolution, and geo-
graphical distribution.

botulinum toxin A nerve toxin pro-
duced by the bacterium Clostridium botu-
linum, which can cause fatal *food
poisoning. It is the most toxic substance
known. In minute doses it is used to treat
certain conditions involving muscle dys-
function.

boulder clay (till) A mixture of rock and
powdered rock formed beneath a moving
glacier as it drags rocks beneath it. When
the glacier subsequently melts, the boul-
der clay is left as a surface bed. Its compo-
nents may be almost any type of rock in a
wide range of sizes, from large angular
boulders to tiny particles in clay. See also
MORAINE.
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boundary conditions In the general
solution of a *differential equation, condi-
tions that are imposed to allow the arbi-
trary constants to be determined. They
thus permit a particular solution to be ob-
tained.

boundary layer The thin layer of fluid
formed around a solid body or surface rel-
ative to which the fluid is flowing. Adhe-
sion between the molecules of the fluid
and that of the body or surface causes the
molecules of the fluid closest to the solid
to be stationary relative to it. The transfer
of heat or mass between a solid and a
fluid flowing over it is largely controlled
by the nature of the boundary layer.

bound state A system in which two (or
more) parts are bound together in such a
way that energy is required to split them.
An example of a bound state is a *mol-
ecule formed from two (or more) *atoms.

Bourdon gauge A pressure gauge con-
sisting essentially of a C-shaped or spiral
tube with an oval cross section. One end
of the tube is connected to the fluid
whose pressure is to be measured and the
other end is sealed. As the pressure inside
the tube is increased, the oval tube tends
to become circular and this causes the
tube to straighten. The movement of the
end of the tube is transferred by a simple
mechanism to a needle moving round a
dial or to a digital display. With suitable
design, Bourdon gauges can be used for
high-pressure measurement and also for
low pressures. It was invented by Eugeéne
Bourdon (1804-88).

bovine spongiform encephalopathy
(BSE) A degenerative disease of the brain
that affects cattle and is caused by an ab-
normal form of a cellular protein (see
PRION). Known colloquially as ‘mad cow
disease’, it results in a build-up of fibrous
tissue in the brain. The infective agent
can be transmitted to other cattle via feed
containing offal derived from infected ani-
mals. It can also, under certain circum-
stances, be transmitted to other species.
See also CREUTZFELDT-JAKOB DISEASE.

Bowman's capsule (renal capsule) The
cup-shaped end of a kidney *nephron. Its
epithelium contains podocytes, cells that
facilitate the passage of glomerular filtrate

from the blood into the nephron. It is
named after its discoverer, the British
physician Sir William Bowman (1816-92).

Boyle, Robert (1627-91) English
chemist and physicist, born in Ireland.
After moving to Oxford in 1654 he
worked on gases, using an air pump made
by Robert *Hooke. With it he proved that
sound does not travel in a vacuum. In
1662 he discovered *Boyle’s law. In chem-
istry he worked on *flame tests and acid-
base *indicators.

Boyle’s law The volume (V) of a given
mass of gas at a constant temperature is
inversely proportional to its pressure (p),
i.e. pV = constant. This is true only for an
*ideal gas. This law was discovered in
1662 by Robert Boyle. On the continent of
Europe it is known as Mariotte’s law after
E. Mariotte (1620-84), who discovered it
independently in 1676. See also GAS LAWS.

bp See BASE PAIR.

Brackett series Se¢c HYDROGEN SPEC-
TRUM.

bract A modified leaf with a flower or
inflorescence in its axil. Bracts are often
brightly coloured and may be mistaken
for the petals of a flower. For example

the showy ‘flowers’ of poinsettia and
Bougainvillea are composed of bracts; the
true flowers are comparatively inconspicu-
ous. See also INVOLUCRE.

bracteole A reduced leaf that arises
from the stalk of an individual flower.

bradykinin See KININ.

Bragg, Sir William Henry (1862-1942)
British physicist, who with his son Sir
(William) Lawrence Bragg (1890-1971) was
awarded the 1915 Nobel Prize for physics
for their pioneering work on *X-ray crys-
tallography. He also constructed an X-ray
spectrometer for measuring the wave-
lengths of X-rays. In the 1920s, while di-
rector of the Royal Institution in London,
he initiated X-ray diffraction studies of or-
ganic molecules.

Bragg’'s law When a beam of X-rays
(wavelength A) strikes a crystal surface in
which the layers of atoms or ions are sep-
arated by a distance d, the maximum in-
tensity of the reflected ray occurs when
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sin® = nA/2d, where 6 (known as the Bragg
angle) is the complement of the angle of
incidence and n is an integer. The law en-
ables the structure of many crystals to be
determined. It was discovered in 1912 by
Sir Lawrence Bragg.

Brahe, Tycho (1546-1601) Danish as-
tronomer. After briefly studying law he
turned to astronomy. He studied the nova
of 1572 (‘Tycho’s star’) and showed that it
was a fixed star. In 1577 he moved to his
own observatory on Hven Island (financed
by King Frederick II), where without the
benefit of a telescope he charted the posi-
tions of 777 stars. In 1599 he moved to
Prague, with *Kepler as his assistant.

brain 1. The enlarged anterior part of
the vertebrate central nervous system,
which is encased within the cranium of
the skull. Continuous with the spinal
cord, the brain is surrounded by three
membranes (see MENINGES) and bathed in
cerebrospinal fluid, which fills internal
cavities (*ventricles). It functions as the
main coordinating centre for nervous ac-
tivity, receiving information (in the form
of nerve impulses) from sense organs, in-
terpreting it, and transmitting ‘instruc-
tions’ to muscles and other *effectors. It is
also the seat of intelligence and memory.
The embryonic vertebrate brain is in
three sections (see FOREBRAIN; HINDBRAIN;
MIDBRAIN), which become further differ-
entiated during development into special-
ized regions. The main parts of the adult
human brain are a highly developed *cer-

lateral ventricle

cerebrum

third ventricle
pons Varolii

medulla oblongata

ventricle

spinal cord cerebellum

The human brain

ebrum in the form of two cerebral hemi-
spheres, a *cerebellum, *medulla oblon-
gata, and *hypothalamus (see illustration).
2. A concentration of nerve *ganglia at
the anterior end of an invertebrate ani-
mal.

brain death The permanent absence of
vital functions of the brain, which is
marked by cessation of breathing and
other reflexes controlled by the *brain-
stem and by a zero reading on an *elec-
troencephalogram. Organs may be
removed for transplantation when brain
death is established, which may not nec-
essarily be associated with permanent ab-
sence of heart beat.

brainstem The part of the brain com-
prising the *medulla oblongata, the *mid-
brain, and the *pons. It resembles and is
continuous with the spinal cord. The mid-
brain controls and integrates reflex activi-
ties (such as respiration) that originate in
higher centres of the brain via a network
of nerve pathways (the reticular forma-
tion).

branched chain See cHAIN.

brass A group of alloys consisting of cop-
per and zinc. A typical yellow brass might
contain about 67% copper and 33% zinc.
See also DELTA BRASS.

Brattain, Walter See BARDEEN, JOHN.

Braun, Karl Ferdinand (1850-1918)
German physicist, who became professor
of physics at Strasbourg in 1895. In the
early 1900s he used crystals as diodes
(later employed in crystal-set radios) and
developed the *cathode-ray tube for use
as an oscilloscope. He also worked on
radio and in 1909 shared the Nobel Prize
for physics with *Marconi.

breakdown The sudden passage of a
current through an insulator. The voltage
at which this occurs is the breakdown
voltage.

breaking stress See ELASTICITY.

breathing See EXPIRATION; INSPIRATION;
RESPIRATORY MOVEMENT.

breed A domesticated *variety of an ani-
mal or, rarely, a cultivated variety of plant
(cultivated plants are usually called vari-

eties or, more correctly, *cultivars). Exam-
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ples of animal breeds are Friesian cattle
and Shetland sheepdogs.

breeder reactor See NUCLEAR REACTOR.

breeding The process of sexual *repro-
duction and bearing offspring. Selective
breeding of both plants and animals is
used in *agriculture to produce offspring
that possess the beneficial characters of
both parents (see also ARTIFICIAL INSEMINA-
TION). *Inbreeding is the production of
*homozygous phenotypically uniform off-
spring by mating between close relatives.
Plants that self-fertilize, such as wheat
and tomatoes, are inbreeders. *Outbreed-
ing is the production of *heterozygous
phenotypically variable offspring by mat-
ing between unrelated organisms.

breeding season A specific season of
the year in which many animals, includ-
ing mammals and birds, mate, which en-
sures that offspring are produced only at a
certain time of the year. This timing is im-
portant as it enables animals to give birth
at a time of the year when environmental
conditions and food supply are at their op-
timum. The breeding season of most ani-
mals is in the spring or summer. The
stimulus to mate is the result of a photo-
periodic response (see PHOTOPERIODISM),
which is thought to be controlled by day
length.

Bremsstrahlung (German: braking ra-
diation) The X-rays emitted when a
charged particle, especially a fast electron,
is rapidly slowed down, as when it passes
through the electric field around an
atomic nucleus. The X-rays cover a whole
continuous range of wavelengths down to
a minimum value, which depends on the
energy of the incident particles. Brems-
strahlung are produced by a metal target
when it is bombarded by electrons.

brewing The process by which beer is
made. Fermentation of sugars from barley
grain by the yeasts *Saccharomyces cerevisiae
and S. uvarum (or S. carlsbergensis) produces
alcohol. In the first stage the barley grain
is soaked in water, a process known as
malting. The grain is then allowed to ger-
minate and the natural enzymes of the
grain (the amylases and the maltases) con-
vert the starch to maltose and then to glu-
cose. The next stage is kilning or roasting,

in which the grains are dried and crushed.
The colour of a beer depends on the tem-
perature used for this process: the higher
the temperature, the darker the beer. In
the next stage, mashing, the crushed
grain is added to water at a specific tem-
perature and any remaining starch is con-
verted to sugar; the resultant liquid is the
raw material of brewing, called wort. The
yeast is then added to the wort to convert
the sugar to alcohol, followed by hops,
which give beer its characteristic flavour.
Hops are the female flowers of the vine
Humulus lupulus; they contain resins (hu-
mulones, cohumulones, and adhumu-
lones) that give beer its distinctive bitter
taste.

Brewster’s law The extent of the polar-
ization of light reflected from a transpar-
ent surface is a maximum when the
reflected ray is at right angles to the re-
fracted ray. The angle of incidence (and
reflection) at which this maximum polar-
ization occurs is called the Brewster angle
or polarizing angle. For this angle iy, the
condition is that taniz = n, where n is the
refractive index of the transparent
medium. The law was discovered in 1811
by the British physicist David Brewster
(1781-1868).

bridge 1. (in chemistry) An atom or
group joining two other atoms in a mol-
ecule. See ALUMINIUM CHLORIDE; BORANE.
2. (in physics) a type of electrical circuit in
which four components are linked in a
square, with inputs and outputs at pairs
of opposite corners. See WHEATSTONE
BRIDGE.

bridge rectifier Sec RECTIFIER.

brighteners Substances added to deter-
gents or used to treat textiles or paper in
order to brighten the colours or, particu-
larly, to enhance whiteness. Blueing
agents are used in laundries to give a
slight blue cast to white material in order
to counteract yellowing. Fluorescent
brighteners are compounds that absorb
visible or ultraviolet radiation and
fluoresce in the blue region of the optical
spectrum.

Brinell hardness A scale for measuring
the hardness of metals introduced around
1900 by the Swedish metallurgist Johann
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Brinell (1849-1925). A small chromium-
steel ball is pressed into the surface of the
metal by a load of known weight. The
ratio of the mass of the load in kilograms
to the area of the depression formed in
square millimetres is the Brinell number.

Brin process A process formerly used
for making oxygen by heating barium
oxide in air to form the peroxide and then
heating the peroxide at higher tempera-
ture (>800°C) to produce oxygen

2Ba0, — 2Ba0O + O,

Britannia metal A silvery alloy consist-
ing of 80-90% tin, 5-15% antimony, and
sometimes small percentages of copper,
lead, and zinc. It is used in bearings and
some domestic articles.

British thermal unit (Btu) The Impe-
rial unit of heat, being originally the heat
required to raise the temperature of 11b of
water by 1°F. 1 Btu is now defined as
1055.06 joules.

broadband Communication by a sys-
tem that supports a wide range of fre-

quencies, so that identical messages can
be carried simultaneously. See also ADSL.

broken symmetry A situation in which
the lowest-energy state of a many-body
system or *vacuum state of a relativistic
*quantum field theory has a lower sym-
metry than the equations defining the sys-
tem. Examples in solid-state physics
include ferromagnetism, antiferromag-
netism, and superconductivity. In particle
physics, the Weinberg-Salam model (see
ELECTROWEAK THEORY) is an important ex-
ample of a relativistic quantum field
theory with broken symmetry.

A result associated with broken symme-
try is Goldstone’s theorem. This states
that a relativistic quantum field theory
having continuous symmetry that is bro-
ken must include the existence of mass-
less particles called Goldstone bosons. In
many-body theory Goldstone bosons are
*collective excitations. An exception to
Goldstone’s theorem is provided in the
case of broken *gauge theories, such as
the Weinberg-Salam model, in which the
Goldstone bosons become massive bosons
known as *Higgs bosons. In many-body
theory, long-range forces provide the anal-

ogous exception to Goldstone’s theorem,
with the Higgs bosons being excitations
with a nonzero gap.

bromate A salt or ester of a bromic acid.

bromic(l) acid (hypobromous acid) A
yellow liquid, HBrO. It is a weak acid and
a strong oxidizing agent.

bromic(V) acid A colourless liquid,
HBrO3;, made by adding sulphuric acid to
barium bromate. It is a strong acid.

bromide See HALIDE.

bromination A chemical reaction in
which a bromine atom is introduced into
a molecule. See also HALOGENATION.

bromine Symbol Br. A *halogen el-
ement; a.n. 35; r.a.m. 79.909; r.d. 3.13;
m.p. -7.2°C; b.p. 58.78°C. It is a red
volatile liquid at room temperature,
having a red-brown vapour. Bromine is
obtained from brines in the USA (displace-
ment with chlorine); a small amount is
obtained from sea water in Anglesey.
Large quantities are used to make 1,2-
dibromoethane as a petrol additive. It is
also used in the manufacture of many
other compounds. Chemically, it is inter-
mediate in reactivity between chlorine
and iodine. It forms compounds in which
it has oxidation states of 1, 3, 5, or 7. The
liquid is harmful to human tissue and the
vapour irritates the eyes and throat. The
element was discovered in 1826 by An-
toine Balard.

bromoethane (ethyl bromide) A colour-
less flammable liquid, C,HsBr; r.d. 1.46;
m.p. -119°C; b.p. 38.4°C. It is a typical
*haloalkane, which can be prepared from
ethene and hydrogen bromide. Bromo-
ethane is used as a refrigerant.

bromoform See TRIBROMOMETHANE;
HALOFORMS.

bromomethane (methyl bromide) A
colourless volatile nonflammable liquid,
CH;Br; r.d. 1.68; m.p. -93°C; b.p. 3.56°C. It
is a typical *haloalkane.

bromothymol blue An acid-base *in-
dicator that is yellow in acid solutions and
blue in alkaline solutions. It changes col-
our over the pH range 6-8.

bronchiole A fine respiratory tube in
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the lungs of reptiles, birds, and mammals.
It is formed by the subdivision of a
*bronchus and in reptiles and mammals
it terminates in a number of *alveoli.

bronchus (bronchial tube) One of the
major air tubes in the *lung. The *trachea
divides into two main bronchi, one for
each lung, which split into smaller
bronchi and then into *bronchioles. The
walls of the bronchi are stiffened by rings
of cartilage.

bronze Any of a group of alloys of cop-
per and tin, sometimes with lead and zinc
present. The amount of tin varies from 1%
to 30%. The alloy is hard and easily cast
and extensively used in bearings, valves,
and other machine parts. Various im-
proved bronzes are produced by adding
other elements; for instance, phosphor
bronzes contain up to 1% phosphorus. In
addition certain alloys of copper and met-
als other than tin are called bronzes - alu-
minium bronze is a mixture of copper and
aluminium. Other special bronzes include
*bell metal, *gun metal, and *beryllium
bronze.

Brown, Robert (1773-1858) British
botanist, born in Scotland. After serving
as an army medical officer he met
botanist Joseph Banks (1743-1820) in
1798. Three years later Banks recom-
mended him as naturalist on a survey of
the Australian coast, during which he col-
lected 4000 plant specimens; it took him
five years to classify them. During this
work he was the first to distinguish be-
tween gymnosperms and angiosperms.
Then in 1827, while observing pollen
grains in water, he discovered *Brownian
movement.

brown algae See PHAEOPHYTA.

brown dwarf An astronomical object
with a mass intermediate between the
mass of a planet and that of a small star.
The mass of a brown dwarf is large
enough to generate energy by gravita-
tional pressure, but not large enough to
sustain nuclear fusion. The energy is radi-
ated as electromagnetic radiation. Brown
dwarfs are faint objects, which are ex-
pected to shine for about 100 million
years before cooling. Their masses lie be-
tween a few times the mass of Jupiter and

80 times the mass of Jupiter. It has been
suggested that brown dwarfs may con-
tribute to the *missing mass of the uni-
verse.

brown earth (brown forest soil) A type
of soil that is characteristic of those mid-
latitude parts of the world that were origi-
nally covered with deciduous woodland. It
is rich in organic matter derived from the
annual leaf fall of deciduous trees and
from associated shrubs, herbs, and
grasses. Brown earths occur in the NE
USA, N China, central Japan, and NW and
central Europe. They are important agri-
culturally, possessing a good crumb struc-
ture, mild acidity, and free drainage, and
consequently most of the original forest
has long since been cleared for agricul-
tural use.

deciduous

woodland

vegetation horizon
litter layer A
grey-brown —
porous crumb
structure

transition to——|
parent
material

Brown earth profile

brown fat A darker coloured region of
*adipose tissue found in newborn and hi-
bernating animals (in which it may also
be called the hibernating gland). Com-
pared to normal white *fat, deposits of
brown fat are more richly supplied with
blood vessels and have numerous mito-
chondria (hence the brown colour, due to
the high concentrations of cytochrome
oxidase). They can also be more rapidly
converted to heat energy - a process that
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takes place in the fat cells themselves -
especially during arousal from hiberna-
tion and during cold stress in young ani-
mals. Since the deposits are strategically
placed near major blood vessels, the heat
they generate warms the blood returning
to the heart. Some types of obesity in hu-
mans may be linked to a lack of brown fat
in affected individuals. See THERMO-
GENESIS.

Brownian movement The continuous
random movement of microscopic solid
particles (of about 1 micrometre in diame-
ter) when suspended in a fluid medium.
First observed by Robert Brown in 1827
when studying pollen grains in water, it
was originally thought to be the manifes-
tation of some vital force. It was later
recognized to be a consequence of bom-
bardment of the pollen by the continually
moving molecules of the liquid. The
smaller the particles the more extensive is
the motion. The effect is also visible in
particles of smoke suspended in a still gas
and in the material of dead cells.

brown-ring test A test for ionic ni-
trates. The sample is dissolved and iron(II)
sulphate solution added in a test tube.
Concentrated sulphuric acid is then added
slowly so that it forms a separate layer. A
brown ring (of Fe(NO)SO,) at the junction
of the liquids indicates a positive result.

brucite A mineral form of *magnesium
hydroxide, Mg(OH),.

brush An electrical contact to a moving
commutator on a motor or generator. It is
made of a specially prepared form of car-
bon and is kept in contact with the mov-
ing part by means of a spring.

brush border A region of surface epi-
thelium that possesses densely packed
microvilli (see MICROVILLUS), rather like
the bristles of a brush. This greatly in-
creases the surface area of the epithelium
and facilitates the absorption of materials.
Brush borders are found in the convoluted
tubules of the kidney and in the lining of
the small intestine.

brush discharge A luminous discharge
from a conductor that takes the form of
luminous branching threads that pen-
etrate into the surrounding gas. It is a
form of *corona and it occurs when the

electric field near the surface of the con-
ductor exceeds a certain value but is not
sufficiently high for a spark to appear.

brusselator A type of chemical reaction
mechanism that leads to an *oscillating
reaction. It involves the conversion of re-
actants A and B into products C and B by a
series of four steps:

A—-X
2X+Y - 3Y
B+X—->Y+C
X—->D

Autocatalysis occurs as in the *Lotka-
Volterra mechanism and the *oregonator.
If the concentrations of A and B are main-
tained constant, the concentrations of X
and Y oscillate with time. A graph of the
concentration of X against that of Yis a
closed loop (the limit cycle of the reaction).
The reaction settles down to this limit
cycle whatever the initial concentrations
of Xand Y, i.e. the limit cycle is an attrac-
tor for the system. The reaction mecha-
nism is named after the city of Brussels,
where the research group that discovered
it is based.

Bryophyta A phylum of simple plants -
the mosses - possessing no vascular tissue
and rudimentary rootlike organs (rhi-
zoids). They grow in a variety of damp
habitats, from fresh water to rock sur-
faces. Some use other plants for support.
Mosses show a marked *alternation of
generations between gamete-bearing
forms (gametophytes) and spore-bearing
forms (sporophytes): they possess erect or
prostrate leafy stems (the gametophyte
generation, which is *haploid); these give
rise to leafless stalks bearing capsules (the
sporophyte generation, which is *diploid),
the latter being dependent on the former
for water and nutrients. Spores formed in
the capsules are released and grow to pro-
duce new plants.

Formerly, this phylum also included the
liverworts (see HEPATOPHYTA) and the
mosses were classified as a class (Musci) of
the Bryophyta. The term ‘bryophytes’ is
still used informally to refer to both the
mosses and the liverworts.

Bryozoa (Ectoprocta) A phylum of
aquatic, mainly marine, invertebrates -
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the moss animals and sea mats. They live
in colonies, 50 cm or more across, which
are attached to rocks, seaweeds, or shells.
The individuals making up the colonies
are about 1 mm long and superficially re-
semble cnidarian *polyps, with a mouth
surrounded by ciliated tentacles that trap
minute particles of organic matter in the
water. Some have a horny or calcareous
outer skeleton into which the body can be
withdrawn.

BSE Sce BOVINE SPONGIFORM ENCEPHA-
LOPATHY.

bubble chamber A device for detecting
ionizing radiation. It consists of a cham-
ber containing a liquid, often hydrogen,
kept at slightly above its boiling point at a
preliminary pressure that is high enough
to prevent boiling. Immediately before
the passage of the ionizing particles the
pressure is reduced, and the particles then
act as centres for the formation of bub-
bles, which can be photographed to ob-
tain a record of the particles’ tracks. The
device was invented in 1952 by Donald
Glaser. Compare CLOUD CHAMBER.

buccal cavity (oral cavity) The mouth
cavity: the beginning of the *alimentary
canal, which leads to the pharynx and (in
vertebrates) to the oesophagus. In verte-
brates it is separated from the nasal cavity
by the *palate. In mammals it contains
the tongue and teeth, which assist in the
mechanical breakdown of food, and the
openings of the *salivary gland ducts.

Buchner funnel A type of funnel with
an internal perforated tray on which a flat
circular filter paper can be placed, used
for filtering by suction. It is named after
the German chemist Eduard Buchner
(1860-1917).

buckminsterfullerene A form of car-
bon composed of clusters of 60 carbon
atoms bonded together in a polyhedral
structure composed of pentagons and
hexagons (see illustration). Originally it
was identified in 1985 in products ob-
tained by firing a high-power laser at a
graphite target. It can be made by an elec-
tric arc struck between graphite elec-
trodes in an inert atmosphere. The
molecule, Cgy, was named after the US ar-
chitect Richard Buckminster Fuller

(1895-1983) because of the resemblance
of the structure to the geodesic dome,
which Fuller invented. The molecules are
informally called buckyballs; more for-
mally, the substance itself is also called
fullerene. The substance is a yellow crys-
talline solid (fullerite), soluble in benzene.

Various fullerene derivatives are known
in which organic groups are attached to
carbon atoms on the sphere. In addition,
it is possible to produce novel enclosure
compounds by trapping metal ions within
the Cq, cage. Some of these have semicon-
ducting properties. The electric-arc
method of producing Cg, also leads to a
smaller number of fullerenes such as C,,
which have less symmetrical molecular
structures. It is also possible to produce
forms of carbon in which the atoms are
linked in a cylindrical, rather than spheri-
cal, framework with a diameter of a few
nanometres. They are known as bucky-
tubes (or nanotubes).

Buckminsterfullerene structure

buckyball See BUCKMINSTERFULLERENE.
buckytube Se¢ BUCKMINSTERFULLERENE.

bud 1. (in botany) A condensed imma-
ture shoot with a short stem bearing
small folded or rolled leaves. The outer
leaves of a bud are often scalelike and pro-
tect the delicate inner leaves. A terminal
(or apical) bud exists at the tip of a stem
or branch while axillary (or lateral) buds
develop in the *axils of leaves. However,
in certain circumstances buds can be pro-
duced anywhere on the surface of a plant.
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Some buds remain dormant, but may be-
come active if the terminal bud is re-
moved. It is common gardening practice
to remove the terminal buds of some
shoots to induce the development of lat-
eral shoots from axillary buds. See also API-
CAL DOMINANCE. 2. (in biology) An
outgrowth from a parent organism that
breaks away and develops into a new indi-
vidual in the process of *budding.

budding 1. (in biology) A method of
asexual reproduction in which a new indi-
vidual is derived from an outgrowth (bud)
that becomes detached from the body of
the parent. In animals the process is also
called gemmation; it is common in cnidar-
ians (e.g. Hydra) and also occurs in some
sponges and other invertebrates. Among
fungi, budding is characteristic of the
yeasts. 2. (in horticulture) A method of
grafting in which a bud of the scion is in-
serted onto the stock, usually beneath the
bark.

buffer A solution that resists change in
pH when an acid or alkali is added or
when the solution is diluted. Acidic
buffers consist of a weak acid with a salt
of the acid. The salt provides the negative
ion A7, which is the conjugate base of the
acid HA. An example is carbonic acid and
sodium hydrogencarbonate. Basic buffers
have a weak base and a salt of the base (to
provide the conjugate acid). An example is
ammonia solution with ammonium chlo-
ride.

In an acidic buffer, for example, mol-
ecules HA and ions A~ are present. When
acid is added most of the extra protons
are removed by the base:

A +H"'— HA
When base is added, most of the extra hy-
droxide ions are removed by reaction
with undissociated acid:

OH +HA - A"+ H,0

Thus, the addition of acid or base changes
the pH very little. The hydrogen-ion con-
centration in a buffer is given by the ex-
pression

K, =[H"] = [A7]/[HA]
i.e. it depends on the ratio of conjugate

base to acid. As this is not altered by dilu-
tion, the hydrogen-ion concentration for a

buffer does not change much during dilu-
tion.

In the laboratory, buffers are used to
prepare solutions of known stable pH.
Natural buffers occur in living organisms,
where the biochemical reactions are very
sensitive to change in pH (see ACID-BASE
BALANCE). The main natural buffers are
H,CO3/HCO;™ and H,PO,/HPO,*". Buffer
solutions are also used in medicine (e.g. in
intravenous injections), in agriculture,
and in many industrial processes (e.g. dye-
ing, fermentation processes, and the food
industry).

bugs See HEMIPTERA.

bulb An underground plant organ that
enables a plant to survive from one grow-
ing season to the next. It is a modified
shoot with a short flattened stem. A termi-
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nal bud develops at the centre of its upper
surface, surrounded by swollen leaf bases
that contain food stored from the previ-
ous growing season. Papery brown scale
leaves cover the outside of the bulb. The
stored food is used in the growing season
when the terminal bud produces foliage
leaves and flowers. The new leaves photo-
synthesize and some of the manufactured
food passes into the leaf bases forming a
new bulb (see illustration). If more than
one bud develops, then additional bulbs
form, resulting in vegetative propagation.
Examples of bulb-forming plants are daf-
fodil, onion, and tulip. Compare CORM.

bulbil A small bulblike organ that may
develop in place of a flower, from an axil-
lary bud, or at the base of a stem in cer-
tain plants. If it becomes detached it
develops into a new plant.

bulk modulus See ELASTIC MODULUS.

bulla The rounded hollow projection of
bone from the skull that encloses the
*middle ear in mammals.

bumping Violent boiling of a liquid
caused by superheating so that bubbles
form at a pressure above atmospheric
pressure. It can be prevented by putting
pieces of porous pot in the liquid to en-
able bubbles of vapour to form at the nor-
mal boiling point.

bundle of His The specialized cardiac
muscle fibres in the mammalian heart
that receive electrical stimuli from the
*atrioventricular node and transmit them
throughout the network of *Purkyne
fibres. This allows the excitation to reach
all parts of the ventricles rapidly and initi-
ates a wave of contraction to expel blood
into the aorta and pulmonary artery. It is
named after Wilhelm His (1831-1904).

Bunsen, Robert Wilhelm (1811-99)
German chemist, who held professorships
at Kassel, Marburg, and Heidelberg. His
early researches on arsenic-containing
compounds cost him an eye in an explo-
sion. He then turned to gas analysis and
spectroscopy, enabling him and *Kirch-
hoff to discover the elements *caesium
(1860) and *rubidium (1861). He also pop-
ularized the use of the *Bunsen burner.

Bunsen burner A laboratory gas burner

having a vertical metal tube into which
the gas is led, with a hole in the side of
the base of the tube to admit air. The
amount of air can be regulated by a sleeve
on the tube. When no air is admitted the
flame is luminous and smoky. With air, it
has a faintly visible hot outer part (the
oxidizing part) and an inner blue cone
where combustion is incomplete (the
cooler reducing part of the flame). The de-
vice is named after Robert Bunsen, who
used a similar device (without a regulat-
ing sleeve) in 1855.

Bunsen cell A *primary cell consisting
of a zinc cathode immersed in dilute sul-
phuric acid and a carbon anode immersed
in concentrated nitric acid. The elec-
trolytes are separated by a porous pot.
The cell gives an e.m.f. of about 1.9 volts.

buoyancy The upward thrust on a body
immersed in a fluid. This force is equal to
the weight of the fluid displaced (see
ARCHIMEDES’ PRINCIPLE).

burette A graduated glass tube with a
tap at one end leading to a fine outlet
tube, used for delivering known volumes
of a liquid (e.g. in titration).

Burnet, Sir Frank Macfarlane
(1899-1985) Australian virologist, who
spent his working life at the Walter and
Eliza Hall Institute in Melbourne. In the
early 1930s he developed a method of
growing influenza virus in chick embryos.
He later discovered that immunological
tolerance (failure of the immune re-
sponse) required repeated exposure to the
antigen. For this work he shared the 1960
Nobel Prize for physiology or medicine
with Sir Peter *Medawar. He also pro-
posed the *clonal selection theory.

bus A set of conducting paths - wires or
optical fibres - connecting several compo-
nents of a computer system and allowing
the components to send signals to each
other. The components take it in turns to
transmit.

buta-1,3-diene (butadiene) A colourless
gaseous hydrocarbon, CH,:CHCH:CH,;
m.p. -109°C; b.p. -4.5°C. It is made by cat-
alytic dehydrogenation of butane (from
petroleum or natural gas) and polymer-
ized in the production of synthetic rub-
bers. The compound is a conjugated
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by-product

*diene in which the electrons in the pi or-
bitals are partially delocalized over the
whole molecule. It can have trans and cis
forms, the latter taking part in *Diels-
Alder reactions.

butanal (butyraldehyde) A colourless
flammable liquid aldehyde, C;H,CHO; r.d.
0.8; m.p. -99°C; b.p. 75.7°C.

butane A gaseous hydrocarbon, C,H,,;
d. 0.58 g cm™; m.p. -138°C; b.p. 0°C. Bu-
tane is obtained from petroleum (from
refinery gas or by cracking higher hydro-
carbons). The fourth member of the
*alkane series, it has a straight chain of
carbon atoms and is isomeric with 2-
methylpropane (CH;CH(CH;)CHj, for-
merly called isobutane). It can easily be
liquefied under pressure and is supplied
in cylinders for use as a fuel gas. It is also
a raw material for making buta-1,3-diene
(for synthetic rubber).

butanedioic acid (succinic acid) A
colourless crystalline fatty acid,
(CH,),(COOH),; r.d. 1.6; m.p. 185°C; b.p.
235°C. A weak carboxylic acid, it is pro-
duced by fermentation of sugar or ammo-
nium tartrate and used as a sequestrant
and in making dyes. It occurs in living or-
ganisms as an intermediate in meta-
bolism, especially in the *Krebs cycle.

butanoic acid (butyric acid) A colour-
less liquid water-soluble acid, C;H,COOH;
r.d. 0.96; b.p. 163°C. It is a weak acid (K, =
1.5 x 10 mol dm™ at 25°C) with a rancid
odour. Its esters are present in butter and
in human perspiration. The acid is used to
make esters for flavourings and per-
fumery.

butanol Either of two aliphatic alcohols
with the formula C,H,OH. Butan-1-ol,
CH;(CH,);0H, is a primary alcohol; r.d.
0.81; m.p. -89.5°C; b.p. 117.3°C. Butan-2-
ol, CH;CH(OH)C,Hj, is a secondary alco-
hol; r.d. 0.81; m.p. -114.7°C; b.p. 100°C.
Both are colourless volatile liquids ob-
tained from butane and are used as sol-
vents.

butanone (methyl ethyl ketone) A
colourless flammable water-soluble liquid,
CH;COC,Hsg; r.d. 0.8; m.p. -86.4°C; b.p.
79.6°C. It can be made by the catalytic oxi-
dation of butane and is used as a solvent.

butenedioic acid Either of two isomers
with the formula HCOOHC:CHCOOH.
Both compounds can be regarded as
derivatives of ethene in which a hydrogen
atom on each carbon has been replaced
by a -COOH group. The compounds show
cis-trans isomerism. The trans form is
fumaric acid (r.d. 1.64; sublimes at 165°C)
and the cis form is maleic acid (r.d. 1.59;
m.p. 139-140°C). Both are colourless crys-
talline compounds used in making syn-
thetic resins. The cis form is rather less
stable than the trans form and converts to
the trans form at 120°C. Unlike the trans
form it can eliminate water on heating to
form a cyclic anhydride containing a
-C0.0.CO- group (maleic anhydride). Fu-
maric acid is an intermediate in the
*Krebs cycle.

butterflies See LEPIDOPTERA.
butterfly effect See cHaos.
buttress root See PROP ROOT.

butyl group The organic group
CH;(CHy)s-

butyl rubber A type of synthetic rubber
obtained by copolymerizing 2-methyl-
propene (CH,:C(CH;)CHj; isobutylene) and
methylbuta-1,3-diene (CH,:C(CH;)CH:CH,,
isoprene). Only small amounts of isoprene
(about 2 mole %) are used. The rubber can
be vulcanized. Large amounts were once
used for tyre inner tubes.

butyraldehyde See BUTANAL.
butyric acid See BUTANOIC ACID.

Buys Ballot’s law A law relating to
winds stating that observers with their
backs to the wind will experience a lower
pressure on the left than on the right in
the northern hemisphere, and lower on
the right than on the left in the southern
hemisphere. The law was propounded by
the Dutch meteorologist Christoph Buys
Ballot (1817-90) in 1857.

by-product A compound formed during
a chemical reaction at the same time as
the main product. Commercially useful
by-products are obtained from a number
of industrial processes. For example, cal-
cium chloride is a by-product of the
*Solvay process for making sodium car-
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bonate. Propanone is a by-product in the
manufacture of *phenol.

byte A subdivision of a *word in a com-
puter, it usually consists of eight *bits. A
kilobyte is 1024 bytes (not 1000 bytes).

B-Z reaction (Belousov-Zhabotinskii re-
action) A chemical reaction that shows a
periodic colour change between magenta
and blue with a period of about one
minute. It occurs with a mixture of sul-
phuric acid, potassium bromate(V),

cerium sulphate, and propanedioic acid.
The colour change is caused by alternat-
ing oxidation-reductions in which cerium
changes its oxidation state (Ce®* gives a
magenta solution while Ce*" gives a blue
solution). The B-Z reaction is an example
of a chemical *oscillating reaction - a re-
action in which there is a regular periodic
change in the concentration of one or
more reactants. The mechanism is highly
complicated, involving a large number of
steps. See BRUSSELATOR.



C A high-level general-purpose computer
language developed in 1972. It is fast and
can be used as an alternative to assembly
language, with which it shares some fea-
tures. It was superseded in the mid-1980s
by an object-oriented version known as
C++, which is better suited to the design
of modular programs.

cadmium Symbol Cd. A soft bluish
metal belonging to *group 12 (formerly
IIB) of the periodic table; a.n. 48; r.a.m.
112.41; r.d. 8.65; m.p. 320.9°C; b.p. 765°C.
The element’s name is derived from the
ancient name for calamine, zinc carbon-
ate ZnCOs, and it is usually found associ-
ated with zinc ores, such as sphalerite
(ZnS), but does occur as the mineral
greenockite (CdS). Cadmium is usually
produced as an associate product when
zinc, copper, and lead ores are reduced.
Cadmium is used in low-melting-point al-
loys to make solders, in Ni-Cd batteries,
in bearing alloys, and in electroplating
(over 50%). Cadmium compounds are
used as phosphorescent coatings in TV
tubes. Cadmium and its compounds are
extremely toxic at low concentrations;
great care is essential where solders are
used or where fumes are emitted. It has
similar chemical properties to zinc but
shows a greater tendency towards com-
plex formation. The element was discov-
ered in 1817 by F. Stromeyer.

cadmium cell See WESTON CELL.

cadmium sulphide A water-insoluble
compound, CdS; r.d. 4.82. It occurs natu-
rally as the mineral greenockite and is
used as a pigment and in semiconductors
and fluorescent materials.

caecum A pouch in the alimentary
canal of vertebrates between the *small
intestine and *colon. The caecum (and its
*appendix) is large and highly developed
in herbivorous animals (e.g. rabbits and
cows), in which it contains a large popu-
lation of bacteria essential for the break-

down of cellulose. In humans the caecum
is a *vestigial organ and is poorly devel-
oped.

caesium Symbol Cs. A soft silvery-white
metallic element belonging to *group 1
(formerly IA) of the periodic table; a.n. 55;
r.a.m. 132.905; r.d. 1.88; m.p. 28.4°C; b.p.
678°C. It occurs in small amounts in a
number of minerals, the main source
being carnallite (KC1.MgCl,.6H,0). It is ob-
tained by electrolysis of molten caesium
cyanide. The natural isotope is caesium-
133. There are 15 other radioactive iso-
topes. Caesium-137 (half-life 33 years) is
used as a gamma source. As the heaviest
alkali metal, caesium has the lowest ion-
ization potential of all elements, hence
its use in photoelectric cells, etc.

caesium clock An *atomic clock that
depends on the energy difference be-
tween two states of the caesium-133 nu-
cleus when it is in a magnetic field. In
one type, atoms of caesium-133 are irra-
diated with *radio-frequency radiation,
whose frequency is chosen to correspond
to the energy difference between the two
states. Some caesium nuclei absorb this
radiation and are excited to the higher
state. These atoms are deflected by a fur-
ther magnetic field, which causes them to
hit a detector. A signal from this detector
is fed back to the radio-frequency oscilla-
tor to prevent it drifting from the reso-
nant frequency of 9 192 631 770 hertz. In
this way the device is locked to this fre-
quency with an accuracy better than 1
part in 10'%. The caesium clock is used in
the *SI unit definition of the second.

cage compound See CLATHRATE.
Cainozoic See CENOZOIC.
calciferol See viTAMIN D.

calcination The formation of a calcium
carbonate deposit from hard water. See
HARDNESS OF WATER.
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calcinite A mineral form of *potassium
hydrogencarbonate, KHCOs;.

calcite One of the most common and
widespread minerals, consisting of crys-
talline calcium carbonate, CaCOs. Calcite
crystallizes in the rhombohedral system;
it is usually colourless or white and has a
hardness of 3 on the Mohs’ scale. It has
the property of double refraction, which
is apparent in Iceland spar - the transpar-
ent variety of calcite. It is an important
rock-forming mineral and is a major con-
stituent in limestones, marbles, and car-
bonatites.

calcitonin (thyrocalcitonin) A peptide
hormone in vertebrates that lowers the
concentration of calcium (and phosphate)
in the blood. It operates in opposition to
*parathyroid hormone. Calcitonin is pro-
duced by the *C cells, which in mammals
are located in the *thyroid gland.

calcium Symbol Ca. A soft grey metallic
element belonging to *group 2 (formerly
IIA) of the periodic table; a.n. 20; r.a.m.
40.08; r.d. 1.54; m.p. 839°C; b.p. 1484°C.
Calcium compounds are common in the
earth’s crust; e.g. limestone and marble
(CaCOs), gypsum (CaS0,.2H,0), and
fluorite (CaF,). The element is extracted by
electrolysis of fused calcium chloride and
is used as a getter in vacuum systems and
a deoxidizer in producing nonferrous al-
loys. It is also used as a reducing agent in
the extraction of such metals as thorium,
zirconium, and uranium.

Calcium is an *essential element for liv-
ing organisms, being required for normal
growth and development. In animals it is
an important constituent of bones and
teeth and is present in the blood, being
required for muscle contraction and other
metabolic processes. In plants it is a con-
stituent (in the form of calcium pectate)
of the *middle lamella.

calcium acetylide See caLciUM DICAR-
BIDE.

calcium bicarbonate See carcium
HYDROGENCARBONATE.

calcium carbide See carcrum
DICARBIDE.

calcium carbonate A white solid,
CaCOs,, which is only sparingly soluble in

water. Calcium carbonate decomposes on
heating to give *calcium oxide (quicklime)
and carbon dioxide. It occurs naturally as
the minerals *calcite (rhombohedral; r.d.
2.71) and *aragonite (rhombic; r.d. 2.93).
Rocks containing calcium carbonate dis-
solve slowly in acidified rainwater (con-
taining dissolved CO,) to cause temporary
hardness. In the laboratory, calcium car-
bonate is precipitated from *limewater by
carbon dioxide. Calcium carbonate is used
in making lime (calcium oxide) and is the
main raw material for the *Solvay pro-
cess.

calcium chloride A white deliquescent
compound, CaCl,, which is soluble in
water; 1.d. 2.15; m.p. 782°C; b.p. >1600°C.
There are a number of hydrated forms, in-
cluding the monohydrate, CaCl,.H,0, the
dihydrate, CaCl,.2H,0 (r.d. 0.84), and the
hexahydrate, CaCl,.6H,0 (trigonal; r.d.
1.71; the hexahydrate loses 4H,0 at 30°C
and the remaining 2H,0 at 200°C). Large
quantities of it are formed as a byproduct
of the *Solvay process and it can be pre-
pared by dissolving calcium carbonate or
calcium oxide in hydrochloric acid. Crys-
tals of the anhydrous salt can only be ob-
tained if the hydrated salt is heated in a
stream of hydrogen chloride. Solid cal-
cium chloride is used in mines and on
roads to reduce dust problems, whilst the
molten salt is the electrolyte in the extrac-
tion of calcium. An aqueous solution of
calcium chloride is used in refrigeration
plants.

calcium cyanamide A colourless solid,
CaCN,, which sublimes at 1300°C. It is
prepared by heating calcium dicarbide at
800°C in a stream of nitrogen:

CaC,(s) + Ny(g) — CaCNy(s) + C(s)

The reaction has been used as a method
of fixing nitrogen in countries in which
cheap electricity is available to make the
calcium dicarbide (the cyanamide pro-
cess). Calcium cyanamide can be used as a
fertilizer because it reacts with water to
give ammonia and calcium carbonate:

CaCN,(s) + 3H,0(l) — CaCOs(s) + 2NH,(g)

It is also used in the production of
melamine, urea, and certain cyanide salts.

calcium dicarbide (calcium acetylide;
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calcium phosphate(V)

calcium carbide; carbide) A colourless solid
compound, CaC,; tetragonal; r.d. 2.22;
m.p. 450°C; b.p. 2300°C. In countries in
which electricity is cheap it is manufac-
tured by heating calcium oxide with ei-
ther coke or ethyne at temperatures
above 2000°C in an electric arc furnace.
The crystals consist of Ca?* and C,” ions
arranged in a similar way to the ions in
sodium chloride. When water is added to
calcium dicarbide, the important organic
raw material ethyne (acetylene) is pro-
duced:

CaCys) + 2H,0(I) — Ca(OH),(s) + C,H,(g)

calcium fluoride A white crystalline
solid, CaF,; r.d. 3.2; m.p. 1423°C; b.p.
2500°C. It occurs naturally as the mineral
*fluorite (or fluorspar) and is the main
source of fluorine. The calcium fluoride
structure (fluorite structure) is a crystal
structure in which the calcium ions are
each surrounded by eight fluoride ions ar-
ranged at the corners of a cube. Each
fluoride ion is surrounded by four calcium
ions at the corners of a tetrahedron.

calcium hydrogencarbonate (calcium
bicarbonate) A compound, Ca(HCOj),,
that is stable only in solution and is
formed when water containing carbon
dioxide dissolves calcium carbonate:

CaCOs4(s) + HyO(l) + CO,(g) —
Ca(HCO3),(aq)

It is the cause of temporary *hardness of
water, because the calcium ions react
with soap to give scum. Calcium hydro-
gencarbonate is unstable when heated
and decomposes to give solid calcium car-
bonate. This explains why temporary
hardness is removed by boiling and the
formation of ‘scale’ in kettles and boilers.

calcium hydroxide (slaked lime) A
white solid, Ca(OH),, which dissolves spar-
ingly in water (see LIMEWATER); hexagonal;
r.d. 2.24. It is manufactured by adding
water to calcium oxide, a process that
evolves much heat and is known as slak-
ing. It is used as a cheap alkali to neutral-
ize the acidity in certain soils and in the
manufacture of mortar, whitewash,
bleaching powder, and glass.

calcium nitrate A white deliquescent
compound, Ca(NOs),, that is very soluble

in water; cubic; r.d. 2.50; m.p. 561°C. It
can be prepared by neutralizing nitric
acid with calcium carbonate and crystal-
lizing it from solution as the tetrahydrate
Ca(NO;),.4H,0, which exists in two mono-
clinic crystalline forms (o, r.d. 1.9; B, r.d.
1.82). There is also a trihydrate,
Ca(NOs;),.3H,0. The anhydrous salt can be
obtained from the hydrate by heating but
it decomposes on strong heating to give
the oxide, nitrogen dioxide, and oxygen.
Calcium nitrate is sometimes used as a ni-
trogenous fertilizer.

calcium octadecanoate (calcium
stearate) An insoluble white salt,
Ca(CHj;(CH,);,C00),, which is formed
when soap is mixed with water contain-
ing calcium ions and is the scum pro-
duced in hard-water regions.

calcium oxide (quicklime) A white solid
compound, CaO, formed by heating cal-
cium in oxygen or by the thermal decom-
position of calcium carbonate; cubic; r.d.
3.35; m.p. 2580°C; b.p. 2850°C. On a large
scale, calcium carbonate in the form of
limestone is heated in a tall tower (lime
kiln) to a temperature above 550°C:

CaCOsy(s) == CaO(s) + CO,(g)

Although the reaction is reversible, the
carbon dioxide is carried away by the up-
ward current through the kiln and all the
limestone decomposes. Calcium oxide is
used to make calcium hydroxide, as a
cheap alkali for treating acid soil, and in
extractive metallurgy to produce a slag
with the impurities (especially sand) pre-
sent in metal ores.

calcium phosphate(V) A white insolu-
ble powder, Caz(PO,),; r.d. 3.14. It is found
naturally in the mineral *apatite,
Cas(PO,)3(0OH,F,Cl), and as rock phosphate.
It is also the main constituent of animal
bones. Calcium phosphate can be pre-
pared by mixing solutions containing cal-
cium ions and hydrogenphosphate ions in
the presence of an alkali:

HPO,* + OH" — PO,> + H,0
3Ca%* + 2P0,> — Cay(POy),

It is used extensively as a fertilizer. The
compound was formerly called calcium
orthophosphate (see PHOSPHATES).
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calcium stearate See CALCTUM OCTADE-
CANOATE.

calcium sulphate A white solid com-
pound, CaSO,; r.d. 2.96; 1450°C. It occurs
naturally as the mineral *anhydrite,
which has a rhombic structure, trans-
forming to a monoclinic form at 200°C.
More commonly, it is found as the dihy-
drate, *gypsum, CaSO,.2H,0 (monoclinic;
r.d. 2.32). When heated, gypsum loses
water at 128°C to give the hemihydrate,
2CaS0,.H,0, better known as *plaster of
Paris. Calcium sulphate is sparingly solu-
ble in water and is a cause of permanent
*hardness of water. It is used in the man-
ufacture of certain paints, ceramics, and
paper. The naturally occurring forms are

used in the manufacture of sulphuric acid.

calculus A series of mathematical tech-
niques developed independently by

Isaac Newton and Gottfried Leibniz
(1646-1716). Differential calculus treats a
continuously varying quantity as if it con-
sisted of an infinitely large number of
infinitely small changes. For example, the
velocity v of a body at a particular instant
can be regarded as the infinitesimal dis-
tance, written ds, that it travels in the
vanishingly small time interval, dt; the in-
stantaneous velocity v is then ds/dt, which
is called the derivative of s with respect to
t. If s is a known function of t, v at any in-
stant can be calculated by the process of
*differentiation. The differential calculus
is a powerful technique for solving many
problems concerned with rate processes,
maxima and minima, and similar prob-
lems.

Integral calculus is the opposite tech-
nique. For example, if the velocity of a
body is a known function of time, the
infinitesimal distance ds travelled in the
brief instant dt is given by ds = vdt. The
measurable distance s travelled between
two instants t; and t, can then be found
by a process of summation, called integra-
tion, i.e.

s= j: vdt

The technique is used for finding areas
and volumes and other problems involv-
ing the summation of infinitesimals.

caldera A crater or large depression at
the top of an inactive shield *volcano,

which may be 1-20 km in diameter. It
forms when magma subsides from the
summit, sometimes aided by the explo-
sive ejection of material. Often a caldera
fills with water, forming a crater lake.
Large calderas appear to be characteristic
features of the landscapes of Mars and
Venus.

Calgon Trade name for a water-
softening agent. See HARDNESS OF WATER.

caliche A mixture of salts found in de-
posits between gravel beds in the Ata-
cama and Tarapaca regions of Chile. They
vary from 4 m to 15 cm thick and were
formed by periodic leaching of soluble
salts during wet geological epochs, fol-
lowed by drying out of inland seas in dry
periods. They are economically important
as a source of nitrates. A typical composi-
tion is NaNO; 17.6%, NaCl 16.1%, Na,SO,,
6.5%, CaSO,4 5.5%, MgSO, 3.0%, KNO; 1.3%,
Na,B,0, 0.94%, KClO; 0.23%, NalO;3 0.11%,
sand and gravel to 100%.

californium Symbol Cf. A radioactive
metallic transuranic element belonging to
the *actinoids; a.n. 98; mass number of
the most stable isotope 251 (half-life
about 700 years). Nine isotopes are
known; californium-252 is an intense
neutron source, which makes it useful in
neutron *activation analysis and poten-
tially useful as a radiation source in
medicine. The element was first produced
by Glenn Seaborg (1912-99) and associates
in 1950.

calixarenes Compounds that have mol-
ecules with a cuplike structure (the name
comes from the Greek calix, cup). The sim-
plest, has four phenol molecules joined by
four -CH,- groups into a ring (forming
the base of the ‘cup’). The four phenol
hexagons point in the same direction to
form a cavity that can bind substrate mol-
ecules. Interest has been shown in the po-
tential ability of calixarene molecules to
mimic enzyme action.

callus 1. (in botany) A protective tissue,
consisting of parenchyma cells, that devel-
ops over a cut or damaged plant surface.
Callus tissue can also be induced to form
in cell cultures by hormone treatment.

2. (in pathology) A thick hard area of skin
that commonly forms on the palms of the
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hands and soles of the feet as a result of
continuous pressure or friction. 3. (in
physiology) Hard tissue formed round
bone ends following a fracture, which is
gradually converted to new bone.

calomel See MERCURY(I) CHLORIDE.

calomel half cell (calomel electrode) A
type of half cell in which the electrode is
mercury coated with calomel (HgCl) and
the electrolyte is a solution of potassium
chloride and saturated calomel. The stan-
dard electrode potential is -0.2415 volt
(25°C). In the calomel half cell the reac-
tions are

HgCl(s) == Hg'(aq) + Cl"(aq)
Hg'(aq) + e == Hg(s)

The overall reaction is
HgCl(s) + e == Hg(s) + Cl"(aq)

This is equivalent to a Cl,(g)|Cl (aq) half
cell.

caloric theory A former theory con-
cerning the nature of heat, which was re-
garded as a weightless fluid (called caloric).
It was unable to account for the fact that
friction could produce an unlimited quan-
tity of heat and it was abandoned when
Joule showed that heat is a form of en-
ergy.

calorie The quantity of heat required to
raise the temperature of 1 gram of water
by 1°C (1 K). The calorie, a c.g.s. unit, is
now largely replaced by the *joule, an *SI
unit. 1 calorie = 4.186 8 joules.

Calorie (kilogram calorie; kilocalorie)
1000 calories. This unit is still in limited
use in estimating the energy value of
foods, but is obsolescent.

calorific value The heat per unit mass
produced by complete combustion of a
given substance. Calorific values are used
to express the energy values of fuels; usu-
ally these are expressed in megajoules per
kilogram (M] kg™*). They are also used to
measure the energy content of foodstuffs;
i.e. the energy produced when the food is
oxidized in the body. The units here are
kilojoules per gram (k] g™), although Calo-
ries (kilocalories) are often still used in
nontechnical contexts. Calorific values are
measured using a *bomb calorimeter.

calorimeter Any of various devices used
to measure thermal properties, such as
*calorific value, specific *heat capacity,
specific *latent heat, etc. See BOMB
CALORIMETER.

Calvin, Melvin (1911-97) US bio-
chemist. After World War II, at the
Lawrence Radiation Laboratory, Berkeley,
he investigated the light-independent re-
actions of *photosynthesis. Using radio-
active carbon-14 to label carbon dioxide,
he discovered the *Calvin cycle, for which
he was awarded the 1961 Nobel Prize for
chemistry.

Calvin cycle The metabolic pathway of
the light-independent stages of *photo-
synthesis, which occurs in the stroma of
the chloroplasts. The pathway was eluci-
dated by Melvin Calvin and his co-workers
and involves the fixation of carbon diox-
ide and its subsequent reduction to carbo-
hydrate. During the cycle, carbon dioxide
combines with *ribulose bisphosphate,
through the mediation of the enzyme
ribulose bisphosphate carboxylase/oxy-
genase (rubisco), to form an unstable six-
carbon compound that breaks down to
form two molecules of the three-carbon
compound glycerate 3-phosphate. This is
converted to glyceraldehyde 3-phosphate,
which is used to regenerate ribulose bis-
phosphate and to produce glucose and
fructose.

calx A metal oxide formed by heating an
ore in air.

calyptra 1. A layer of cells that covers
the developing sporophyte of mosses, liv-
erworts, clubmosses, horsetails, and ferns.
In mosses it forms a hood over the *cap-
sule and in liverworts it forms a sheath at
the base of the capsule stalk. 2. See ROOT
CAP.

calyptrogen The region within the root
*apical meristem that divides to produce
the *root cap (calyptra).

calyx The *sepals of a flower, collec-
tively, forming the outer whorl of the
*perianth. It encloses the petals, stamens,
and carpels and protects the flower in
bud. See also PAPPUS.

cambium (lateral meristem) A plant tis-
sue consisting of actively dividing cells (see
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MERISTEM) that is responsible for increas-
ing the girth of the plant, i.e. it causes sec-
ondary growth. The two most important
cambia are the vascular (or fascicular)
cambium and the *cork cambium. The
vascular cambium occurs in the stem and
root; it divides to produce secondary
*xylem and secondary *phloem (new
food- and water-conducting tissues). In
mature stems the vascular cambium is ex-
tended laterally to form a complete ring:
the sections of this ring between the vas-
cular bundles comprises the interfascicu-
lar cambium. Compare APICAL MERISTEM.

Cambrian The earliest geological period
of the Palaeozoic era. It is estimated to
have begun about 570 million years ago
and lasted for some 100 million years.
During this period marine animals with
mineralized shells made their first appear-
ance and Cambrian rocks are the first to
contain an abundance of fossils. Cambrian
fossils are all of marine animals; they in-
clude *trilobites, which dominated the
Cambrian seas, echinoderms, brachio-
pods, molluscs, and primitive *graptolites
(from the mid Cambrian). Trace *fossils
also provide evidence for a variety of
WOrms.

camera 1. An optical device for obtain-
ing still photographs or for exposing cine-
matic film. It consists of a light-proof box
with a lens at one end and a plate or film
at the other. To make an exposure the
shutter is opened and an image of the ob-
ject to be photographed is formed on the
light-sensitive film. The length of the ex-
posure is determined by the intensity of
light available, the film speed, and the
*aperture of the lens. In the simpler cam-
eras the shutter speed and aperture are
controlled manually, but in automatic
cameras the iris over the lens or the shut-
ter is adjusted on the basis of information
provided by a built-in *exposure meter. In
ciné cameras the shutter automatically
opens as the film comes to rest behind the
lens for each frame; the film passes
through the camera so that a set number
(commonly 16, 18, or 24) of frames are ex-
posed every second. 2. The part of a tele-
vision system that converts optical images
into electronic signals. It consists of a lens
system, which focuses the image to be
televised on the photosensitive mosaic of

the camera tube, causing localized dis-
charge of those of its elements that are il-
luminated. This mosaic is scanned from
behind by an electron beam so that the
beam current is varied as it passes over
areas of light and shade. The signal so
picked up by the scanning beam is pream-
plified in the camera and passed to the
transmitter with sound and synchroniza-
tion signals. In *colour television three
separate camera tubes are used, one for
each *primary colour.

camouflage A high degree of similarity
between an animal and its visual environ-
ment, which enables it to be disguised or
concealed. By blending into the back-
ground the animal can elude predators or
remain invisible to potential prey. See also
CRYPTIC COLORATION; MIMICRY. Compare
WARNING COLORATION.

camphor A white crystalline cyclic ke-
tone, C;0H;¢0; r.d. 0.99; m.p. 179°C; b.p.
204°C. It was formerly obtained from the
wood of the Formosan camphor tree, but
can now be synthesized. The compound
has a characteristic odour associated with
its use in mothballs. It is a plasticizer in
celluloid.

Canada balsam A yellow-tinted resin
used for mounting specimens in optical
microscopy. It has similar optical proper-
ties to glass.

canaliculus A very small channel that
occurs between the cells of the liver and
bone. In the liver the bile canaliculi carry
bile to the bile ducts; in bone, canaliculi
connect lacunae, the cavities containing
bone cells.

canal rays Streams of positive ions pro-
duced in a *discharge tube by boring
holes (canals) in the cathode. The positive
ions attracted to the cathode pass through
the holes and emerge on the other side as
positive rays.

cancer Any disorder of cell growth that
results in invasion and destruction of sur-
rounding healthy tissue by abnormal
cells. Cancer cells arise from normal cells
whose nature is permanently changed.
They multiply more rapidly than healthy
body cells and do not seem subject to nor-
mal control by nerves and hormones.
They may spread via the bloodstream or
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lymphatic system to other parts of the
body, where they produce further tissue
damage (metastases). Malignant tumour is
another name for cancer. A cancer that
arises in epithelium is called a carcinoma;
one that arises in connective tissue is
called a sarcoma. Leukaemia is cancer of
white blood cells; lymphoma is cancer of
*lymphoid tissue; and myeloma is cancer
of *plasma cells of the bone marrow.
Causative agents (carcinogens) include var-
ious chemicals (including those in tobacco
smoke), ionizing radiation, silica and as-
bestos particles, and *oncogenic viruses
(see also ONCOGENE). Hereditary factors and
stress may also play a role.

candela Symbol Cd. The *SI unit of lu-
minous intensity equal to the luminous
intensity in a given direction of a source
that emits monochromatic radiation of
frequency 540 x 10’2 Hz and has a radiant
intensity in that direction of 1/683 watt
per steradian.

candle power Luminous intensity as
formerly expressed in terms of the inter-
national candle but now expressed in can-
dela.

cane sugar See SUCROSE.

canine tooth A sharp conical *tooth in
mammals that is large and highly devel-
oped in carnivores (e.g. dogs) for tearing
meat. There are two canines in each jaw,
each situated between the second *incisor
and the first *premolar. In some animals
(e.g. herbivores, such as giraffes and rab-
bits) canine teeth are absent.

Cannizzaro reaction A reaction of
aldehydes to give carboxylic acids and al-
cohols. It occurs in the presence of strong
bases with aldehydes that do not have
alpha hydrogen atoms. For example, ben-
zenecarbaldehyde gives benzenecar-
boxylic acid and benzyl alcohol:

2CH5CHO — CH;COOH + CH;CH,OH

Aldehydes that have alpha hydrogen
atoms undergo the *aldol reaction in-
stead. The Cannizzaro reaction is an ex-
ample of a *disproportionation. It was
discovered in 1853 by the Italian chemist
Stanislao Cannizzaro (1826-1910).

canonical form One of the possible

structures of a molecule that together
form a *resonance hybrid.

capacitance The property of a conduc-
tor or system of conductors that describes
its ability to store electric charge. The ca-
pacitance (C) is given by Q [V, where Q is
stored charge on one conductor and V the
potential difference between the two con-
ductors (or between a single conductor
and earth); it is measured in farads (or, in
practice, microfarads).

An isolated sphere has a capacitance of
4mer, where r is the radius and € the *per-
mittivity of the medium surrounding it.
Capacitance is more commonly applied to
systems of conductors (or semiconductors)
separated by insulators (see CAPACITOR).

capacitation The final stage in the mat-
uration process of a spermatozoon. This
takes place inside the genital tract as the
sperm penetrates the ovum.

capacitor An arrangement of conduc-
tors separated by an insulator (dielectric)
used to store charge or introduce *reac-
tance into an alternating-current circuit.
The earliest form was the *Leyden jar. Ca-
pacitors used as circuit elements have two
conducting plates separated by the dielec-
tric. The dielectric may be air, paper im-
pregnated with oil or wax, plastic film, or
ceramic. The simplest form has two paral-
lel rectangular conducting plates (area A)
separated by a dielectric (thickness d, per-
mittivity €). The capacitance of such a ca-
pacitor is Ag/d. Electrolytic capacitors are
devices in which a thin layer of an oxide
is deposited on one of the electrodes to
function as the dielectric.

capacitor microphone A microphone
consisting of a *capacitor with a steady
voltage applied across its parallel plates.
One plate is fixed, the other is a thin dia-
phragm that is moved by the pressure of
the sound waves. The movements of the
diaphragm cause a variation in the spac-
ing and therefore in the *capacitance of
the device. This variation in capacitance
is, in turn, reflected in a similar variation
in the charge carried by each plate. The
consequent current to and from one plate
is carried by a resistor, the varying poten-
tial difference across which constitutes
the device’s output signal. It was formerly
known as a condenser microphone.
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capillarity See SURFACE TENSION.

capillary 1. A tube of small diameter.
2. (blood capillary) The narrowest type of
blood vessel in the vertebrate circulatory
system. Capillaries conduct blood from
*arterioles to all living cells: their walls
are only one cell layer thick, so that oxy-
gen and nutrients can pass through them
into the surrounding tissues. Capillaries
also transport waste material (e.g. urea
and carbon dioxide) to venules for ulti-
mate excretion. Capillaries can be con-
stricted or dilated, according to local
tissue requirements.

capitulum A type of flowering shoot (see
RACEMOSE INFLORESCENCE) characteristic
of plants of the family Compositae (Aster-
aceae), e.g. daisy and dandelion. The tip of
the shoot is flattened and bears many
small stalkless flowers (florets) sur-
rounded by an involucre (ring) of bracts.
This arrangement gives the appearance of
a single flower.

capric acid See DECANOIC ACID.
caproic acid See HEXANOIC ACID.

caprolactam (6-hexanelactam) A white
crystalline substance, C¢H,;NO; r.d. 1.02;
m.p. 69-71°C; b.p. 139°C. It is a *lactam
containing the -NH.CO- group with five
CH, groups making up the rest of the
seven-membered ring. Caprolactam is
used in making *nylon.

caprylic acid See ocTANOIC ACID.

capsid The protein coat of a *virus. The
chemical nature of the capsid is impor-
tant in stimulating the body’s *immune
response against the invading virus.

capsule 1. (in botany) a. A dry fruit that
releases its seeds when ripe; it is formed
from several fused carpels and contains
many seeds. The seeds may be dispersed
through pores (as in the poppy), through a
lid (as in plantain), or by the splitting and
separation of the individual carpels (as in
the crocus). Various other forms of cap-
sules include the *silicula and *siliqua.

b. The part of the sporophyte of mosses
and liverworts in which the haploid
spores are produced. It is borne on a long
stalk (seta) and sheds its spores when ma-
ture (see PERISTOME). 2. (in microbiology)
A thick gelatinous layer completely sur-

rounding the cell wall of certain bacteria.
It appears to have a protective function,
making ingestion of the bacterial cell by
*phagocytes more difficult and preventing
desiccation. 3. (in animal anatomy)

a. The membranous or fibrous envelope
that surrounds certain organs, e.g. the kid-
neys, spleen, and lymph nodes. b. The lig-
amentous sheath of connective tissue that
surrounds various skeletal joints.

capture Any of various processes in
which a system of particles absorbs an
extra particle. There are several examples
in atomic and nuclear physics. For in-
stance, a positive ion may capture an elec-
tron to give a neutral atom or molecule.
Similarly, a neutral atom or molecule cap-
turing an electron becomes a negative
ion. An atomic nucleus may capture a
neutron to produce a different (often un-
stable) nucleus. Another type of nuclear
capture is the process in which the nu-
cleus of an atom absorbs an electron from
the innermost orbit (the K shell) to trans-
form into a different nucleus. In this pro-
cess (called K capture) the atom is left in
an excited state and generally decays by
emission of an X-ray photon.

Radiative capture is any such process in
which the capture results in an excited
state that decays by emission of photons.
A common example is neutron capture to
yield an excited nucleus, which decays by
emission of a gamma ray.

carapace 1. The dorsal part of the *ex-
oskeleton of some crustaceans (e.g. crabs),
which spreads like a shield over several
segments of the head and thorax. 2. The
domed dorsal part of the shell of tortoises
and turtles, formed of bony plates fused
with the ribs and vertebrae and covered
by a horny epidermal layer. The ventral
part of the shell (plastron) is similar but
flatter.

carat 1. A measure of fineness (purity) of
gold. Pure gold is described as 24-carat
gold. 14-carat gold contains 14 parts in 24
of gold, the remainder usually being cop-
per. 2. A unit of mass equal to 0.200
gram, used to measure the masses of dia-
monds and other gemstones.

carbamide See UREA.

carbanion An organic ion with a nega-
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tive charge on a carbon atom; i.e. an ion
of the type R;C". Carbanions are interme-
diates in certain types of organic reaction
(e.g. the *aldol reaction).

carbene A species of the type R,C:, in
which the carbon atom has two electrons
that do not form bonds. Methylene, :CH,,
is the simplest example. Carbenes are
highly reactive and exist only as transient
intermediates in certain organic reactions.
They attack double bonds to give cyclo-
propane derivatives. They also cause inser-
tion reactions, in which the carbene
group is inserted between the carbon and
hydrogen atoms of a C-H bond:

C-H +:CR, — C-CR,-H

carbenium ion See¢ CARBONIUM ION.

carbide Any of various compounds of
carbon with metals or other more elec-
tropositive elements. True carbides con-
tain the ion C* as in Al,C;,. These are
saltlike compounds giving methane on
hydrolysis, and were formerly called
methanides. Compounds containing the
ion C,? are also saltlike and are known as
dicarbides. They yield ethyne (acetylene)
on hydrolysis and were formerly called
acetylides. The above types of compound
are ionic but have partially covalent bond
character, but boron and silicon form true
covalent carbides, with giant molecular
structures. In addition, the transition met-
als form a range of interstitial carbides in
which the carbon atoms occupy intersti-
tial positions in the metal lattice. These
substances are generally hard materials
with metallic conductivity. Some transi-
tion metals (e.g. Cr, Mn, Fe, Co, and Ni)
have atomic radii that are too small to
allow individual carbon atoms in the in-
terstitial holes. These form carbides in
which the metal lattice is distorted and
chains of carbon atoms exist (e.g. Cr3C,,
Fe;C). Such compounds are intermediate
in character between interstitial carbides
and ionic carbides. They give mixtures of
hydrocarbons on hydrolysis with water or
acids.

carbocation Sce CARBONIUM ION.
carbocyclic See cyciic.

carbohydrate One of a group of or-
ganic compounds based on the general

formula C,(H,0),. The simplest carbo-
hydrates are the *sugars (saccharides),
including glucose and sucrose. *Poly-
saccharides are carbohydrates of much
greater molecular weight and complex-
ity; examples are starch, glycogen, and
cellulose. Carbohydrates perform many
vital roles in living organisms. Sugars, no-
tably glucose, and their derivatives are es-
sential intermediates in the conversion of
food to energy. Starch and other polysac-
charides serve as energy stores in plants,
particularly in seeds, tubers, etc., which
provide a major energy source for ani-
mals, including man. Cellulose, lignin,
and others form the supporting cell walls
and woody tissue of plants. Chitin is a
structural polysaccharide found in the
body shells of many invertebrate animals.
Carbohydrates also occur in the surface
coat of animal cells and in bacterial cell
walls.

carbolic acid See PHENOL.

carbon Symbol C. A nonmetallic el-
ement belonging to *group 14 (formerly
IVB) of the periodic table; a.n. 6; r.a.m.
12.011; m.p. ~3550°C; b.p. ~4827°C. Car-
bon has three main allotropic forms (see
ALLOTROPY).

*Diamond (r.d. 3.52) occurs naturally
and can be produced synthetically. It is ex-
tremely hard and has highly refractive
crystals. The hardness of diamond results
from the covalent crystal structure, in
which each carbon atom is linked by cova-
lent bonds to four others situated at the
corners of a tetrahedron. The C-C bond
length is 0.154 nm and the bond angle is
109.5°.

Graphite (r.d. 2.25) is a soft black slip-
pery substance (sometimes called black
lead or plumbago). It occurs naturally and
can also be made by the *Acheson pro-
cess. In graphite the carbon atoms are ar-
ranged in layers, in which each carbon
atom is surrounded by three others to
which it is bound by single or double
bonds. The layers are held together by
much weaker van der Waals’ forces. The
carbon-carbon bond length in the layers
is 0.142 nm and the layers are 0.34 nm
apart. Graphite is a good conductor of
heat and electricity. It has a variety of
uses including electrical contacts, high-
temperature equipment, and as a solid lu-
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bricant. Graphite mixed with clay is the
‘lead’ in pencils (hence its alternative
name). The third crystalline allotrope is
fullerite (see BUCKMINSTERFULLERENE).
There are also several amorphous forms
of carbon, such as *carbon black and
*charcoal.

There are two stable isotopes of carbon
(proton numbers 12 and 13) and four
radioactive ones (10, 11, 14, 15). Car-
bon-14 is used in *carbon dating.

Carbon occurs in all organic com-
pounds and is therefore fundamental to
the structure of all living organisms. It is
an *essential element for plants and ani-
mals, being ultimately derived from at-
mospheric carbon dioxide assimilated by
plants during photosynthesis (see CARBON
cycLE). The ubiquitous nature of carbon in
living organisms is due to its unique abil-
ity to form stable covalent bonds with
other carbon atoms and also with hydro-
gen, oxygen, nitrogen, and sulphur atoms,
resulting in the formation of a variety of
compounds containing chains and rings
of carbon atoms.

carbon assimilation The incorpora-
tion of carbon from atmospheric carbon
dioxide into organic molecules. This pro-
cess occurs during *photosynthesis. See
CARBON CYCLE.

carbon dioxide in
the atmosphere

combustion

carbon
in fossil
fuels

respiration photosynthesis

fossilization

carbonate A salt of carbonic acid con-
taining the carbonate ion, CO;2". The free
ion has a plane triangular structure. Metal
carbonates may be ionic or may contain
covalent metal-carbonate bonds (complex
carbonates) via one or two oxygen atoms.
The carbonates of the alkali metals are all
soluble but other carbonates are insolu-
ble; they all react with mineral acids to re-
lease carbon dioxide.

carbonate minerals A group of com-
mon rock-forming minerals containing
the anion CO,%" as the fundamental unit
in their structure. The most important
carbonate minerals are *calcite,
*dolomite, and *magnesite. See also ARAG-
ONITE.

carbonation The solution of carbon
dioxide in a liquid under pressure.

carbon bisulphide See cARBON DISUL-
PHIDE.

carbon black A fine carbon powder
made by burning hydrocarbons in insuffi-
cient air. It is used as a pigment and a
filler (e.g. for rubber).

carbon cycle 1. (in biology) One of the
major cycles of chemical elements in the
environment (see BIOGEOCHEMICAL CYCLE).
Carbon (as carbon dioxide) is taken up
from the atmosphere and incorporated

respiration in

respiration decomposers
organic death carbon compounds
compounds in dead organic
in animals matter

feeding death

in green plants

organic compounds

The carbon cycle in nature
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into the tissues of plants in *photosynthe-
sis. It may then pass into the bodies of an-
imals as the plants are eaten (see FOOD
CHAIN). During the respiration of plants,
animals, and organisms that bring about
decomposition, carbon dioxide is returned
to the atmosphere. The combustion of fos-
sil fuels (e.g. coal and peat) also releases
carbon dioxide into the atmosphere. See
illustration.

2. (in physics) A series of nuclear reactions
in which four hydrogen nuclei combine to
form a helium nucleus with the liberation
of energy, two positrons, and two neutri-
nos. The process is believed to be the
source of energy in many stars and to

take place in six stages. In this series car-
bon-12 acts as if it were a catalyst, being
reformed at the end of the series:

C+H-> BN +y
BN > BC+e +v,
HC+H o Ny
N H 0y
B0 - EN+e" + v,
BN +{H — '2C + 3He.
See STELLAR EVOLUTION.

carbon dating (radiocarbon dating) A
method of estimating the ages of archaeo-
logical specimens of biological origin. As a
result of *cosmic radiation a small num-
ber of atmospheric nitrogen nuclei are
continuously being transformed by neu-
tron bombardment into radioactive nuclei
of carbon-14:

UN+n—-'C+p

Some of these radiocarbon atoms find
their way into living trees and other
plants in the form of carbon dioxide, as a
result of *photosynthesis. When the tree
is cut down photosynthesis stops and the
ratio of radiocarbon atoms to stable car-
bon atoms begins to fall as the radiocar-
bon decays. The ratio *C/[**C in the
specimen can be measured and enables
the time that has elapsed since the tree
was cut down to be calculated. The
method has been shown to give consis-
tent results for specimens up to some

40 000 years old, though its accuracy de-
pends upon assumptions concerning the

past intensity of the cosmic radiation. The
technique was developed by Willard F.
Libby (1908-80) and his coworkers in
1946-47.

carbon dioxide A colourless odourless
gas, CO,, soluble in water, ethanol, and
acetone; d. 1.977 g dm™ (0°C); m.p.
-56.6°C; b.p. -78.5°C. It occurs in the at-
mosphere (0.04% by volume) but has a
short residence time in this phase as it is
both consumed by plants during *photo-
synthesis and produced by *respiration
and by combustion. It is readily prepared
in the laboratory by the action of dilute
acids on metal carbonates or of heat on
heavy-metal carbonates. Carbon dioxide is
a by-product from the manufacture of
lime and from fermentation processes.

Carbon dioxide has a small liquid range
and liquid carbon dioxide is produced
only at high pressures. The molecule CO,
is linear with each oxygen making a dou-
ble bond to the carbon. Chemically, it is
unreactive and will not support combus-
tion. It dissolves in water to give *car-
bonic acid.

Large quantities of solid carbon dioxide
(dry ice) are used in processes requiring
large-scale refrigeration. It is also used in
fire extinguishers as a desirable alterna-
tive to water for most fires, and as a con-
stituent of medical gases as it promotes
exhalation. It is also used in carbonated
drinks.

The level of carbon dioxide in the at-
mosphere has increased by some 12% in
the last 100 years, mainly because of ex-
tensive burning of fossil fuels and the de-
struction of large areas of rain forest. This
has been postulated as the main cause of
the average increase of 0.5°C in global
temperatures over the same period,
through the *greenhouse effect. Atmos-
pheric CO, concentration continues to
rise, in spite of some tentative steps to
control emissions, giving the prospect of
accelerated *global warming in the fore-
seeable future.

carbon disulphide (carbon bisulphide)
A colourless highly refractive liquid, CS,,
slightly soluble in water and soluble in
ethanol and ether; r.d. 1.261; m.p. -110°C;
b.p. 46.3°C. Pure carbon disulphide has an
ethereal odour but the commercial prod-
uct is contaminated with a variety of
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other sulphur compounds and has a most
unpleasant smell. It was previously manu-
factured by heating a mixture of wood,
sulphur, and charcoal; modern processes
use natural gas and sulphur. Carbon disul-
phide is an excellent solvent for oils,
waxes, rubber, sulphur, and phosphorus,
but its use is decreasing because of its
high toxicity and its flammability. It is
used for the preparation of xanthates in
the manufacture of viscose yarns.

carbon fibres Fibres of carbon in which
the carbon has an oriented crystal struc-
ture. Carbon fibres are made by heating
textile fibres and are used in strong com-
posite materials for use at high tempera-
tures.

carbonic acid A dibasic acid, H,CO,,
formed in solution when carbon dioxide
is dissolved in water:

COs(aq) + H,O(l) == H,COs(aq)

The acid is in equilibrium with dissolved
carbon dioxide, and also dissociates as fol-
lows:

H,CO, == H* + HCO,~
K,=4.5x 1077 mol dm™
HCO;~ = CO;* + H*
K,=4.8x 10" mol dm™

The pure acid cannot be isolated, al-
though it can be produced in ether solu-
tion at -30°C. Carbonic acid gives rise to
two series of salts: the *carbonates and
the *hydrogencarbonates.

carbonic anhydrase An enzyme, pres-
ent in red blood cells and kidney cells,
that catalyses the reaction between car-
bon dioxide with water:

CO, + H,0 = H,CO,
H,CO, == H* + HCO,".

This reaction is one of the fastest known
and controls the elimination of carbon
dioxide from the body and the pH of
urine. It also facilitates the transfer of car-
bon dioxide from the tissues to the blood
and from the blood to the alveoli (air sacs)
of the lungs. See also CHLORIDE SHIFT.

Carboniferous A geological period in
the Palaeozoic era. It began about 360 mil-
lion years ago, following the Devonian pe-

riod, and extended until the beginning of
the Permian period, about 285 million
years ago. In Europe the period is divided
into the Lower and Upper Carboniferous,
which roughly correspond to the Missis-
sippian and Pennsylvanian periods, re-
spectively, of North America. During the
Lower Carboniferous a marine transgres-
sion occurred and the characteristic rock
of this division - the Carboniferous lime-
stone - was laid down in the shallow seas.
Fauna included foraminiferans, corals,
bryozoans, brachiopods, blastoids, and
other invertebrates. The Upper Carbonif-
erous saw the deposition of the millstone
grit, a mixture of shale and sandstone
formed in deltaic conditions, followed by
the coal measures, alternating beds of
coal, sandstone, shale, and clay. The coal
was formed from the vast swamp forests
composed of seed ferns, lycopsids, and
other plants. During the period fishes con-
tinued to diversify and amphibians be-
came more cOmmon.

carbonium ion (carbenium ion) An or-
ganic ion with a positive charge on a car-
bon atom; i.e. an ion of the type R;C*.
Carbonium ions are intermediates in cer-
tain types of organic reaction (e.g.
*Williamson’s synthesis). Certain fairly
stable carbonium ions can be formed
(carbocations).

carbonize (carburize) To change an or-
ganic compound into carbon by heating,
or to coat something with carbon in this
way.

carbon monoxide A colourless odour-
less gas, CO, sparingly soluble in water
and soluble in ethanol and benzene;

d. 1.25 g dm™ (0°C); m.p. -199°C; b.p.
-191.5°C. It is flammable and highly toxic.
In the laboratory it can be made by the
dehydration of methanoic acid (formic
acid) using concentrated sulphuric acid.
Industrially it is produced by the oxida-
tion of natural gas (methane) or (formerly)
by the water-gas reaction. It is formed by

carbon monoxide

C=0
O0=C=0 carbon dioxide
O0=C=C=C=0 tricarbon dioxide
(carbon suboxide)

Oxides of carbon
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the incomplete combustion of carbon and
is present in car-exhaust gases.

It is a neutral oxide, which burns in air
to give carbon dioxide, and is a good re-
ducing agent, used in a number of metal-
lurgical processes. It has the interesting
chemical property of forming a range of
transition metal carbonyls, e.g. Ni(CO),.
Carbon monoxide is able to use vacant p-
orbitals in bonding with metals; the stabi-
lization of low oxidation states, including
the zero state, is a consequence of this.
This also accounts for its toxicity, which is
due to the binding of the CO to the iron
in haemoglobin, thereby blocking the up-
take of oxygen.

carbon suboxide See TRICARBON DIOX-
IDE.

carbon tetrachloride See TETRA-
CHLOROMETHANE.

carbonyl chloride (phosgene) A colour-
less gas, COCl,, with an odour of freshly
cut hay. It is used in organic chemistry as
a chlorinating agent, and was formerly
used as a war gas.

carbonyl compound A compound con-
taining the carbonyl group >C=0. Alde-
hydes, ketones, and carboxylic acids are
examples of organic carbonyl compounds.
Inorganic carbonyls are complexes in
which carbon monoxide has coordinated
to a metal atom or ion, as in *nickel car-
bonyl, Ni(CO),. See also LIGAND.

carbonyl group The group >C=0,
found in aldehydes, ketones, carboxylic
acids, amides, etc., and in inorganic car-
bonyl complexes (see CARBONYL
COMPOUND).

carborundum See SILICON CARBIDE.

carboxyhaemoglobin The highly sta-
ble product formed when *haemoglobin
combines with carbon monoxide. Carbon
monoxide competes with oxygen for
haemoglobin, with which it binds
strongly: the affinity of haemoglobin for
carbon monoxide is 250 times greater
than that for oxygen. This reduces the
availability of haemoglobin for combina-
tion with (and transport of) oxygen and
accounts for the toxic effects of carbon
monoxide on the respiratory system.

carboxylate An anion formed from a

*carboxylic acid. For example, ethanoic
acid gives rise to the ethanoate ion,
CH,COO".

carboxyl group The organic group
-COOH, present in *carboxylic acids.

carboxylic acids Organic compounds
containing the group -COOH (the car-
boxyl group; i.e. a carbonyl group at-
tached to a hydroxyl group). In systematic
chemical nomenclature carboxylic-acid
names end in the suffix -oic, e.g. ethanoic
acid, CH;COOH. They are generally weak
acids. Many long-chain carboxylic acids
occur naturally as esters in fats and oils
and are therefore also known as *fatty
acids. See also GLYCERIDE.

i ' carboxyl group
(0] /

Carboxylic acid structure

carboxypeptidase An *exopeptidase
enzyme in pancreatic juice that is se-
creted into the duodenum. The enzyme is
secreted as an inactive precursor, procar-
boxypeptidase, which is activated by an-
other pancreatic protease, *trypsin. See
also CHYMOTRYPSIN.

carburize See CARBONIZE.

carbylamine reaction Se¢ ISOCYANIDE
TEST.

carcerulus A dry fruit that is a type of
*schizocarp. It consists of a number of
one-seeded fragments (mericarps) that ad-
here to a central axis. It is characteristic of
mallow.

carcinogen Any agent that produces
*cancer, e.g. tobacco smoke, certain in-
dustrial chemicals, and *ionizing radia-
tion (such as X-rays and ultraviolet rays).

carcinoma See CANCER.

cardiac 1. Relating to the heart. 2. Re-
lating to the part of the stomach nearest
to the oesophagus.

cardiac cycle The sequence of events
that occurs in the heart during one full
heartbeat. These events comprise contrac-
tion (see SYSTOLE) and relaxation (see DIAS-
TOLE) of the chambers of the heart,
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associated with opening and closing of
the heart valves. When both the atria and
the ventricles are relaxed, pressure in the
heart is low and blood flows from the
vena cava and pulmonary vein into the
atria and through to the ventricles. The
aortic and pulmonary valves, at the junc-
tion between the left ventricle and aorta
and the right ventricle and pulmonary
artery, respectively, are closed; therefore,
blood can enter but not leave the heart,
which increases the pressure in the cham-
bers. As the pressure in the heart in-
creases, the atria begin to contract,
forcing the blood into the ventricles and
closing the *tricuspid valve and the *bi-
cuspid valve. A wave of ventricular con-
traction follows, expelling the blood into
the aorta and pulmonary artery to com-
plete the cardiac cycle. At a resting heart
rate, the human cardiac cycle lasts ap-
proximately 0.85 second.

cardiac muscle A specialized form of
*muscle that is peculiar to the vertebrate
heart. There are two types of cardiac mus-
cle fibres: contractile fibres, which are stri-
ated and contain numerous myofibrils;
and conducting fibres, or *Purkyne fibres,
which branch extensively and conduct
electrical signals throughout the muscle.
The muscle itself shows spontaneous con-
traction and does not need nervous stimu-
lation (see PACEMAKER). The vagus nerve to
the heart can, however, affect the rate of
contraction.

cardiac output The volume of blood
pumped per minute by each ventricle,
which is also the total blood flow through
the pulmonary circuit. At rest, normal
human cardiac output is approximately 5
litres per minute, rising to 22 litres per
minute during maximum physical exer-
tion. The cardiac output can be calculated
from heart rate (number of beats per
minute) and stroke volume (volume of
blood expelled from the heart per beat).

cardiovascular centre One of the
areas in the brain that are responsible for
the modification of the cardiovascular sys-
tem based upon the integration of sensory
information from the autonomic nervous
system. These centres influence the heart
rate via the sympathetic and parasympa-

thetic nerves and by the action of certain
hormones.

Carius method A method of determin-
ing the amount of sulphur and halogens
in an organic compound, by heating the
compound in a sealed tube with silver ni-
trate in concentrated nitric acid. The com-
pound is decomposed and silver sulphide
and halides are precipitated, separated,
and weighed.

carnallite A mineral consisting of a hy-
drated mixed chloride of potassium and
magnesium, KC1.MgCl,.6H,0.

carnassial teeth Molar and premolar

teeth modified for shearing flesh by hav-
ing cusps with sharp cutting edges. They
are typical of animals of the order *Car-

nivora (e.g. tigers, wolves), in which they
are the first molars in the lower jaw and
the last premolars in the upper.

Carnivora An order of mainly flesh-
eating mammals that includes the dogs,
wolves, bears, badgers, weasels, and cats.
Carnivores typically have very keen sight,
smell, and hearing. The hinge joint be-
tween the lower jaw and skull is very
tight, allowing no lateral movement of
the lower jaw. This - together with the ar-
rangement of jaw muscles - enables a
very powerful bite. The teeth are special-
ized for stabbing and tearing flesh: ca-
nines are large and pointed and some of
the cheek teeth are modified for shearing
(See CARNASSIAL TEETH).

carnivore An animal that eats meat, es-
pecially a member of the order *Car-
nivora (e.g. tigers, wolves). Carnivores are
specialized by having strong powerful
jaws and well-developed canine teeth.
They may be *predators or carrion eaters.
See also CONSUMER. Compare HERBIVORE;
OMNIVORE.

carnivorous plant (insectivorous plant)
Any plant that supplements its supply of
nitrates in conditions of nitrate deficiency
by digesting small animals, especially in-
sects. Such plants are adapted in various
ways to attract and trap the insects and
produce proteolytic enzymes to digest
them. Venus’ fly trap (Dionaea), for exam-
ple, has spiny-margined hinged leaves
that snap shut on an alighting insect. Sun-
dews (Drosera) trap and digest insects by
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means of glandular leaves that secrete a
sticky substance, and pitcher plants (fami-
lies Nepenthaceae and Sarraceniaceae)
have leaves modified as pitchers into
which insects fall, drowning in the water
and digestive enzymes at the bottom.

Carnot, Nicolas Léonard Sadi
(1796-1832) French physicist, who first
worked as a military engineer. He then
turned to scientific research and in 1824
published his analysis of the efficiency of
heat engines. The key to this analysis is
the thermodynamic *Carnot cycle. He
died at an early age of cholera.

Carnot cycle The most efficient cycle of
operations for a reversible *heat engine.
Published in 1824 by Nicolas Carnot, it
consists of four operations on the working
substance in the engine (see illustration):
a. Isothermal expansion at thermody-
namic temperature T; with heat Q; taken
in.

b. Adiabatic expansion with a fall of tem-
perature to T,.

c. Isothermal compression at temperature
T, with heat Q, given out.

d. Adiabatic compression with a rise of
temperature back to T;.

4
P

isothermal
expansion

adiabatic

expansion

compression
isothermal
compression

Carnot cycle

According to the Carnot principle, the effi-
ciency of any reversible heat engine de-
pends only on the temperature range
through which it works, rather than the
properties of the working substances. In
any reversible engine, the efficiency (n) is
the ratio of the work done (W) to the heat
input (Q,), i.e. n = WJQ;. As, according to
the first law of *thermodynamics, W= Q,
- Q,, it follows that n = (Q; - Q,)/Q;. For
the Kelvin temperature scale, Q/Q, =

T,/T, and n = (T, - T,)/T;. For maximum
efficiency T, should be as high as possible
and T, as low as possible.

carnotite A radioactive mineral consist-
ing of hydrated uranium potassium vana-
date, K,(UO,),(VO,),.nH,O0. It varies in
colour from bright yellow to lemon- or
greenish-yellow. It is a source of uranium,
radium, and vanadium. The chief occur-
rences are in the Colorado Plateau, USA;
Radium Hill, Australia; and Katanga,
Democratic Republic of Congo.

Caro’s acid See PEROXOSULPHURIC(VI)
ACID.

carotene A member of a class of
*carotenoid pigments. Examples are
B-carotene and lycopene, which colour
carrot roots and ripe tomato fruits respec-
tively. o- and B-carotene yield vitamin A
when they are broken down during ani-
mal digestion.

carotenoid Any of a group of yellow, or-
ange, red, or brown plant pigments chem-
ically related to terpenes. Carotenoids are
responsible for the characteristic colour of
many plant organs, such as ripe tomatoes,
carrots, and autumn leaves. They also
function as accessory *photosynthetic pig-
ments in the light-dependent reactions of
*photosynthesis. See CAROTENE; XANTHO-
PHYLL.

Carothers, Wallace Hume (1896-1937)
US industrial chemist, who joined the Du
Pont company where he worked on poly-
mers. In 1931 he produced *neoprene, a
synthetic rubber. His greatest success
came in 1935 with the discovery of the
polyamide that came to be known as
*nylon. Carothers, who suffered from de-
pression, committed suicide.

carotid artery The major artery that
supplies blood to the head. A pair of com-
mon carotid arteries arise from the aorta
(on the left) and the innominate artery (on
the right) and run up the neck; each
branches into an external and an internal
carotid artery, which supply the head.

carotid body One of a pair of tissue
masses adjacent to the *carotid sinus.
Each contains receptors that are sensitive
to oxygen and pH levels (acidity) in the
blood. High levels of carbon dioxide in the
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blood lower the pH (i.e. increase the acid-
ity). By responding to fluctuations in pH,
the carotid body coordinates reflex
changes in respiration rate.

carotid sinus An enlarged region of the
*carotid artery at its major branching
point in the neck. Its walls contain many
receptors that are sensitive to changes in
pressure and it regulates blood pressure
by initiating reflex changes in heart rate
and dilation of blood vessels.

carpal (carpal bone) One of the bones
that form the wrist (see CARPUS) in terres-
trial vertebrates.

carpel The female reproductive organ of
a flower. Typically it consists of a *stigma,
*style, and *ovary. It is thought to have
evolved by the fusion of the two edges of
a flattened megasporophyll (see SPORO-
pHYLL). Each flower may have one carpel
(monocarpellary) or many (polycarpellary),
either free (apocarpous) or fused together
(syncarpous). See also PISTIL.

carpus The wrist (or corresponding part
of the forelimb) in terrestrial vertebrates,
consisting of a number of small bones
(carpals). The number of carpal bones
varies with the species. The rabbit, for ex-
ample, has two rows of carpals, the first
(proximal) row containing three bones
and the second (distal) row five. In hu-
mans there are also eight carpals. This
large number of bones enables flexibility
at the wrist joint, between the hand and
forelimb. See also PENTADACTYL LIMB.

carrier 1. (in radio) See CARRIER WAVE.
2. (in physics) See CHARGE CARRIER. 3. (in
medicine) An individual who harbours a
particular disease-causing microorganism
without ill-effects and who can transmit
the microorganism to others. Compare
VECTOR. 4. (in genetics) An individual
with an *allele for some defective condi-
tion that is masked by a normal *domi-
nant allele. Such individuals therefore do
not suffer from the condition themselves
but they may pass on the defective allele
to their offspring. In humans, women
may be carriers of such conditions as
red-green colour blindness and haemo-
philia, the alleles for which are carried
on the X chromosomes (se¢ SEX LINKAGE).

5. (in biochemistry) See CARRIER MOL-
ECULE; HYDROGEN CARRIER.

carrier gas The gas that carries the sam-
ple in *gas chromatography.

carrier molecule 1. A molecule that
plays a role in transporting electrons
through the *electron transport chain.
Carrier molecules are usually proteins
bound to a nonprotein group; they can
undergo oxidation and reduction rela-
tively easily, thus allowing electrons to
flow through the system. There are four
types of carrier: flavoproteins (e.g. *FAD),
*cytochromes, iron-sulphur proteins (e.g.
ferredoxin), and *ubiquinone. 2. A lipid-
soluble molecule that can bind to lipid-
insoluble molecules and transport them
across membranes. Carrier molecules
have specific sites that interact with the
molecules they transport. Several differ-
ent molecules may compete for transport
by the same carrier. See TRANSPORT PRO-
TEIN.

carrier wave An electromagnetic wave
of specified frequency and amplitude that
is emitted by a radio transmitter in order
to carry information. The information is
superimposed onto the carrier by means
of *modulation.

carrying capacity Symbol K. The maxi-
mum population of a particular species
that can be supported indefinitely by a
given habitat or area without damage to
the environment. It can be manipulated
by human intervention. For example, the
carrying capacity for grazing mammals
could be increased by boosting the yield
of their grassland habitat by the applica-
tion of fertilizer. See also K SELECTION.

Cartesian coordinates A system used
in analytical geometry to locate a point P,
with reference to two or three axes (see
graphs). In a two-dimensional system the
vertical axis is the y-axis and the horizon-
tal axis is the x-axis. The point at which
the axes intersect each other is called the
origin, 0. Values of y <0 fall on the y-axis
below the origin, values of x <0 fall on the
x-axis to the left of the origin. Any point P
is located by its perpendicular distances
from the two axes. The distance from the
x-axis is called the ordinate; the distance
from the y-axis is the abscissa. The posi-
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tion is indicated numerically by enclosing
the values of the abscissa and the ordinate
in parentheses and separating the two by
means of a comma, e.g. (x.,y). In three di-
mensions the system can be used to locate
a point with reference to a third, z-axis. It
is named after René Descartes (1596-
1650).

y
abscissa Plxy)
ordinate
-x 0 X
-y

two-dimensional system

TP(x,y,Z)

y

|
|
T X
|
|

z
three-dimensional system

Cartesian coordinates

cartilage (gristle) A firm flexible connec-
tive tissue that forms the adult skeleton of
cartilaginous fish (e.g. sharks). In other
vertebrates cartilage forms the skeleton of
the embryo, being largely replaced by
*bone in mature animals (although it per-
sists in certain areas). Cartilage comprises
a matrix consisting chiefly of a glycos-
aminoglycan (mucopolysaccharide) called
chondroitin sulphate secreted by cells
(chondroblasts) that become embedded in

the matrix as chondrocytes. It also con-
tains collagenous and elastic fibres.
Hyaline cartilage consists largely of glycos-
aminoglycan, giving it a shiny glasslike
appearance; this type of cartilage gives
flexibility and support at the joints. Fibro-
cartilage, in which bundles of collagen
fibres predominate, is stronger and less
elastic than hyaline cartilage; it is found
in such areas as the intervertebral discs.
Elastic cartilage has a yellow appearance
due to the presence of numerous elastic
fibres (see ELASTIN). This cartilage main-
tains the shape of certain organs, such as
the pinna of the ear.

cartilage bone (replacing bone) *Bone
that is formed by replacing the cartilage
of an embryo skeleton. The process, called
ossification, is brought about by the cells
(osteoblasts) that secrete bone. Compare
MEMBRANE BONE.

cartilaginous fishes Se¢ cHON-
DRICHTHYES.

cartography The science of the produc-
tion of maps and charts. Maps may be
based on original surveys, aerial photo-
graphs (photogrammetry), or compiled
from existing maps and records. Com-
puter-based information systems are in-
creasingly used in the production of maps
(digital cartography) in place of more tra-
ditional methods. See also MAP PROJEC-
TIONS.

caruncle A small outgrowth from the
testa of a seed that develops from the pla-
centa, funicle, or micropyle. Examples in-
clude the warty outgrowth from the
castor-oil seed and the tuft of hairs on the
testa of the seed of willowherb. See also
ARIL.

caryopsis A dry single-seeded indehis-
cent fruit that differs from an *achene in
that the fruit wall is fused to the testa of
the seed. It is the grain of cereals and
grasses.

cascade liquefier An apparatus for lig-
uefying a gas of low *critical temperature.
Another gas, already below its critical
temperature, is liquified and evaporated
at a reduced pressure in order to cool the
first gas to below its critical temperature.
In practice a series of steps is often used,
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each step enabling the critical tempera-
ture of the next gas to be reached.

cascade process Any process that takes
place in a number of steps, usually be-
cause the single step is too inefficient to
produce the desired result. For example,
in some uranium-enrichment processes
the separation of the desired isotope is
only poorly achieved in a single stage; to
achieve better separation the process has
to be repeated a number of times, in a se-
ries, with the enriched fraction of one
stage being fed to the succeeding stage for
further enrichment. Another example of
cascade process is that operating in a *cas-
cade liquefier.

case hardening The hardening of the
surface layer of steel, used for tools and
certain mechanical components. The com-
monest method is to carburize the surface
layer by heating the metal in a hydrocar-
bon or by dipping the red hot metal into
molten sodium cyanide. Diffusion of ni-
trogen into the surface layer to form ni-
trides is also used.

casein One of a group of phosphate-
containing proteins (phosphoproteins)
found in milk. Caseins are easily digested
by the enzymes of young mammals and
represent a major source of phosphorus.
See RENNIN.

Cassegrainian telescope Sce TELE-
SCOPE.

Cassini, Giovanni Domenico
(1625-1712) Italian-born French as-
tronomer, who was professor of astron-
omy at Bologna. In 1669 he moved to
Paris to run the new observatory there,
becoming a French citizen in 1673. He is
best known for his discovery (1675) of the
gap that divides Saturn’s ring system into
two parts, now called the Cassini division.
He also discovered four new satellites of
Saturn.

cassiterite A yellow, brown, or black
form of tin(IV) oxide, SnO,, that forms
tetragonal, often twinned, crystals; the
principal ore of tin. It occurs in hydrother-
mal veins and metasomatic deposits asso-
ciated with acid igneous rocks and in
alluvial (placer) deposits. The chief pro-
ducers are Malaysia, Indonesia, Demo-
cratic Republic of Congo, and Nigeria.

caste A division found in social insects,
such as the *Hymenoptera (ants, bees,
wasps) and the Isoptera (termites), in
which the individuals are structurally and
physiologically specialized to perform a
particular function. For example, in hon-
eybees there are queens (fertile females),
workers (sterile females), and drones
(males). There are several different castes
of workers (all sterile females) among
ants.

cast iron A group of iron alloys contain-
ing 1.8 to 4.5% of carbon. It is usually cast
into specific shapes ready for machining,
heat treatment, or assembly. It is some-
times produced direct from the *blast fur-
nace or it may be made from remelted
*pig iron.

castor oil A pale-coloured oil extracted
from the castor-oil plant. It contains a
mixture of glycerides of fatty acids, the
predominant acid being ricinoleic acid,
C,,H;,(OH)COOH. It is used as a *drying
oil in paints and varnishes and medically
as a laxative.

catabolism The metabolic breakdown
of large molecules in living organisms to
smaller ones, with the release of energy.
Respiration is an example of a catabolic
series of reactions. See METABOLISM. Com-
pare ANABOLISM.

catalysis The process of changing the
rate of a chemical reaction by use of a
*catalyst.

catalyst A substance that increases the
rate of a chemical reaction without itself
undergoing any permanent chemical
change. Catalysts that have the same
phase as the reactants are homogeneous
catalysts (e.g. *enzymes in biochemical re-
actions or transition-metal complexes
used in the liquid phase for catalysing or-
ganic reactions). Those that have a differ-
ent phase are hetereogeneous catalysts
(e.g. metals or oxides used in many indus-
trial gas reactions). The catalyst provides
an alternative pathway by which the reac-
tion can proceed, in which the activation
energy is lower. It thus increases the rate
at which the reaction comes to equilib-
rium, although it does not alter the posi-
tion of the equilibrium. The catalyst itself
takes part in the reaction and conse-
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quently may undergo physical change
(e.g. conversion into powder). In certain
circumstances, very small quantities of
catalyst can speed up reactions. Most cata-
lysts are also highly specific in the type of
reaction they catalyse, particularly en-
zymes in biochemical reactions. Gener-
ally, the term is used for a substance that
increases reaction rate (a positive cata-
lyst). Some reactions can be slowed down
by negative catalysts (see INHIBITION).

catalytic activity The increase in the
rate of a specified chemical reaction
caused by an enzyme or other catalyst
under specified assay conditions. It is
measured in *katals or in moles per sec-
ond.

catalytic converter A device used in
the exhaust systems of motor vehicles to
reduce atmospheric pollution. The three
main pollutants produced by petrol en-
gines are: unburnt hydrocarbons, carbon
monoxide produced by incomplete com-
bustion of hydrocarbons, and nitrogen ox-
ides produced by nitrogen in the air
reacting with oxygen at high engine tem-
peratures. Hydrocarbons and carbon
monoxide can be controlled by a higher
combustion temperature and a weaker
mixture. However, the higher tempera-
ture and greater availability of oxygen
arising from these measures encourage
formation of nitrogen oxides. The use of
three-way catalytic converters solves this
problem by using platinum and palladium
catalysts to oxidize the hydrocarbons and
the CO and rhodium catalysts to reduce
the nitrogen oxides back to nitrogen.
These three-way catalysts require that the
air-fuel ratio is strictly stochiometric.
Some catalytic converters promote oxida-
tion reactions only, leaving the nitrogen
oxides unchanged. Three-way converters
can reduce hydrocarbons and CO emis-
sions by some 85%, at the same time re-
ducing nitrogen oxides by 62%.

catalytic cracking See CRACKING.
catalytic RNA See RIBOZYME.
cataphoresis See ELECTROPHORESIS.

catastrophe theory A branch of math-
ematics dealing with the sudden emer-
gence of discontinuities, in contrast to
*calculus, which is concerned with con-

tinuous quantities. Catastrophe theory
originated in *topology in work by the
French mathematician René Thom
(1923-2002) and was developed by Thom
and the Russian mathematician Vladimir
Igorevich Arnold (1937- ). There are
physical applications of catastrophe
theory in *optics and in systems involving
*complexity, including biological systems.

catechol See¢ 1,2-DIHYDROXYBENZENE.

catecholamine Any of a class of amines
that possess a catechol (CgH4(OH),) ring.
Including *dopamine, *adrenaline, and
*noradrenaline, they function as *neuro-
transmitters and/or hormones.

category (in taxonomy) See RANK.

catenary A curve formed when a chain
or rope of uniform density hangs from
two fixed points. If the lowest point on
the curve passes through the origin, the
equation is y = ¢(coshx/c), where c is the
distance between the x-axis and the direc-
trix.

catenation The formation of chains of
atoms in chemical compounds.

cathetometer A telescope or micro-
scope fitted with crosswires in the eye-
piece and mounted so that it can slide
along a graduated scale. Cathetometers
are used for accurate measurement of
lengths without mechanical contact. The
microscope type is often called a travel-
ling microscope.

cathode A negative electrode. In *elec-
trolysis cations are attracted to the cath-
ode. In vacuum electronic devices
electrons are emitted by the cathode and
flow to the *anode. It is therefore from
the cathode that electrons flow into these
devices. However, in a primary or sec-
ondary cell the cathode is the electrode
that spontaneously becomes negative dur-
ing discharge, and from which therefore
electrons emerge.

cathode-ray oscilloscope (CRO) An in-
strument based on the *cathode-ray tube
that provides a visual image of electrical
signals. The horizontal deflection is usu-
ally provided by an internal *timebase,
which causes the beam to sweep across
the screen at a specified rate. The signal to
be investigated is fed to the vertical deflec-
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tion plates after amplification. Thus the
beam traces a graph of the signal ampli-
tude against time.

cathode rays Streams of electrons
emitted at the cathode in an evacuated
tube containing a cathode and an anode.
They were first observed in gas *discharge
tubes operated at low pressure. Under
suitable conditions electrons produced by
secondary emission at the cathode are ac-
celerated down the tube to the anode. In
such devices as the *cathode-ray tube the
electrons are produced by *thermionic
emission from a hot cathode in a vacuum.

cathode-ray tube (CRT) The device that
provides the viewing screen in the televi-
sion tube, the radar viewer, and the *cath-
ode-ray oscilloscope. The cathode-ray tube
consists of an evacuated tube containing a
heated cathode and two or more ring-
shaped anodes through which the cath-
ode rays can pass so that they strike the
enlarged end of the tube (see illustration).
This end of the tube is coated with
fluorescent material so that it provides a
screen. Any point on the screen that is
struck by the cathode ray becomes lumi-
nous. A *control grid between the cath-
ode and the anode enables the intensity of
the beam to be varied, thus controlling
the brightness of the illumination on the
screen. The assembly of cathode, control
grid, and anode is called the *electron
gun. The beam emerging from the elec-
tron gun is focused and deflected by
means of plates providing an electric field
or coils providing a magnetic field. This
enables the beam to be focused to a small
point of light and deflected to produce the

vertical
deflection
plates

cathode anode

control focusing  horizontal
grid anode deflection
plates
luminous
screen

Cathode-ray tube

illusion of an illuminated line as this
point sweeps across the tube.

The television tube is a form of cathode-
ray tube in which the beam is made to
scan the screen 625 times to form a
frame, with 25 new frames being pro-
duced every second. (These are the figures
for standard television tubes in the UK).
Each frame creates a picture by variations
in the intensity of the beam as it forms
each line.

cathodic protection See SACRIFICIAL
PROTECTION.

cation A positively charged ion, i.e. an
ion that is attracted to the cathode in
*electrolysis. Compare ANION.

cationic detergent Se¢ DETERGENT.
cationic dye See DYES.
cationic resin See ION EXCHANGE.

catkin A type of flowering shoot (see
RACEMOSE INFLORESCENCE) in which the
axis, which is often long, bears many
small stalkless unisexual flowers. Usually
the male catkins hang down from the
stem; the female catkins are shorter and
often erect. Examples include birch and
hazel. Most plants with catkins are
adapted for wind pollination, the male
flowers producing large quantities of
pollen; willows are an exception, having
nectar-secreting flowers and being polli-
nated by insects.

caudal vertebrae The bones (se¢ VERT-
EBRA) of the tail, which articulate with the
*sacral vertebrae. The number of caudal
vertebrae varies with the species. Rabbits,
for example, have 15 caudal vertebrae,
while in humans these vertebrae are
fused to form a single bone, the *coccyx.

causality The principle that effect can-
not precede cause. The principle is partic-
ularly useful when combined with the
principle that the highest attainable speed
in the universe is the *speed of light in a
vacuum. Causality is used to analyse the
results of scattering experiments and in
optics.

caustic 1. (in chemistry) Describing a
substance that is strongly alkaline (e.g.
caustic soda). 2. (in optics) The curve or
surface formed by the reflection of paral-
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lel rays of light in a large-aperture con-
cave mirror. The apex of the caustic lies at
the principal focus of the mirror. Such a
curve can sometimes be seen on the sur-
face of the liquid in a cup as a result of
reflection by the curved walls of the cup.
A similar curve is formed by a convex lens
with spherical surfaces refracting parallel
rays of light.

caustic potash See POTASSIUM HYDROX-
IDE.

caustic soda See SODIUM HYDROXIDE.

Cavendish, Henry (1731-1810) British
chemist and physicist, born in France. Al-
though untrained, his inheritance from
his grandfather, the Duke of Devonshire,
enabled him to live as a recluse and study
science. In his experiments with gases
(1766), he correctly distinguished between
hydrogen and carbon dioxide, and in 1781
synthesized water by exploding hydrogen
in oxygen. He also constructed a torsion
balance in 1798, with which he measured
the mean density (and hence mass) of the
earth.

cavitation The formation of gas- or
vapourilled cavities in liquids in motion
when the pressure is reduced to a critical
value while the ambient temperature re-
mains constant. If the velocity of the flow-
ing liquid exceeds a certain value, the
pressure can be reduced to such an extent
that the *Bernoulli theorem breaks down.
It is at this point that cavitation occurs,
causing a restriction on the speed at
which hydraulic machinery can be run
without noise, vibration, erosion of metal
parts, or loss of efficiency.

cavity resonator See RESONANT CAVITY.

C cell (parafollicular cell) Any one of a
group of calcium-secreting cells in verte-
brates that are derived from the terminal
pair of gill pouches. In mammals these
cells are incorporated into the *thyroid
gland and the *parathyroid gland.

c.c.p. Cubic close packing. See CLOSE
PACKING.

CD 1. (cluster of differentiation) Any
group of antigens that is associated with a
specific subpopulation of human *T cells.
The differentiation antigens expressed by
a T cell vary with its stage of development

and thus with its role in the immune re-
sponse. Hence, for example, CD4 antigens
are expressed by helper T cells, whereas
CD8 antigens are expressed by cytotoxic
and suppressor T cells. The antigens are
glycoproteins and are characterized using
*monoclonal antibodies. 2. See COMPACT
DISK.

CD-l CD interactive. A variant of *CD-
ROM in which data, sound, and images
can be interleaved on the same disk, i.e. it
is a *multimedia disk. It was designed as a
‘buy and play’ system for the home.

¢DNA See COMPLEMENTARY DNA.

CD-ROM CD read-only memory. A device
that is based on the audio *compact disk
and provides read-only access to a large
amount of data (up to 640 megabytes) for
use on computer systems. The term also
refers to the medium in general. A CD-
ROM drive must be used with the com-
puter system to read the data from disk;
the data cannot normally be rewritten.
Most drives can also play CD audio disks,
but audio disk players cannot handle CD-
ROMs. The data may be in any form -
text, sound, images, or binary data, or a
mixture - and various CD-ROM format
standards exist to handle these. CD-ROM
is widely used for the distribution of data,
images, and software and for archiving
data.

CD-RW CD-rewritable, a CD format
launched around 1997 that enabled
recording and re-use of CDs. CD-RW uses
a phase change to record data. The record-
ing layer is a special alloy (typically
silverf/indium/antimony/tellurium). The
laser in the CD drive has three power lev-
els. The highest level melts small regions
of the recording layer and these cool
quickly to an amorphous form, thereby
creating small pits in the recording sur-
face. This level is used for writing data to
the disk. The intermediate power level
heats the surface to a temperature below
the melting point, but high enough to
cause recrystallization of the amorphous
pits. This is used for erasing data. The low-
est power level is used for reading data
from the disk in the same way that data is
read from a CD-ROM.

celestial equator Sce EQUATOR.
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celestial mechanics The study of the
motions of and forces between the celes-
tial bodies. It is based on *Newton’s laws
of motion and *Newton’s law of gravita-
tion. Refinements based on the general
theory of *relativity are also included in
the study, although the differences be-
tween the two theories are only impor-
tant in a few cases.

celestial sphere The imaginary sphere
of infinite radius within which celestial
bodies appear to lie. The earth, and the
observer, are visualized as being at the
centre of the sphere and the sphere as ro-
tating once every sidereal *day (see illus-
tration). The sphere is used to describe the
position of celestial bodies with respect to
the earth.

celestine A mineral form of strontium
sulphate, SrSO,.

cell (in physical chemistry) 1. A system
in which two electrodes are in contact
with an electrolyte. The electrodes are
metal or carbon plates or rods or, in some
cases, liquid metals (e.g. mercury). In an

*electrolytic cell a current from an out-
side source is passed through the elec-
trolyte to produce chemical change (see
ELECTROLYSIS). In a *voltaic cell, sponta-
neous reactions between the electrodes
and electrolyte(s) produce a potential dif-
ference between the two electrodes.

Voltaic cells can be regarded as made
up of two *half cells, each composed of
an electrode in contact with an elec-
trolyte. For instance, a zinc rod dipped in
zinc sulphate solution is a Zn|Zn*" half
cell. In such a system zinc atoms dissolve
as zinc ions, leaving a negative charge on
the electrode

Zn(s) — Zn**(aq) + 2e

The solution of zinc continues until the
charge build-up is sufficient to prevent
further ionization. There is then a poten-
tial difference between the zinc rod and
its solution. This cannot be measured di-
rectly, since measurement would involve
making contact with the electrolyte,
thereby introducing another half cell (see
ELECTRODE POTENTIAL). A rod of copper in
copper sulphate solution comprises an-
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other half cell. In this case the sponta-
neous reaction is one in which copper
ions in solution take electrons from the
electrode and are deposited on the elec-
trode as copper atoms. In this case, the
copper acquires a positive charge.

The two half cells can be connected by
using a porous pot for the liquid junction
(as in the *Daniell cell) or by using a salt
bridge. The resulting cell can then supply
current if the electrodes are connected
through an external circuit. The cell is
written

Zn(s)|Zn**(aq)|Cu**(aq)|Cu E=1.10 V

Here, E is the e.m.f. of the cell equal to the
potential of the right-hand electrode
minus that of the left-hand electrode for
zero current. Note that ‘right’ and ‘left’
refer to the cell as written. Thus, the cell
could be written

Cu(s)|Cu**(aq)|Zn**(aq)|Zn(s) E=-1.10 V
The overall reaction for the cell is
Zn(s) + Cu**(aq) — Cu(s) + Zn**(aq)

This is the direction in which the cell re-
action occurs for a positive e.m.f.

The cell above is a simple example of a
chemical cell; i.e. one in which the e.m.f. is
produced by a chemical difference. Con-
centration cells are cells in which the
e.m.f. is caused by a difference of concen-
tration. This may be a difference in con-
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centration of the electrolyte in the two
half cells. Alternatively, it may be an elec-
trode concentration difference (e.g. differ-
ent concentrations of metal in an
amalgam, or different pressures of gas

in two gas electrodes). Cells are also
classified into cells without transport
(having a single electrolyte) and with
transport (having a liquid junction across
which ions are transferred). Various types
of voltaic cell exist, used as sources of
current, standards of potential, and ex-
perimental set-ups for studying electro-
chemical reactions. See also DRY CELL;
PRIMARY CELL; SECONDARY CELL.

2. See PHOTOELECTRIC CELL. 3. See SOLAR
CELL. 4. See KERR EFFECT (for Kerr cell).

cell (in biology) The structural and func-
tional unit of most living organisms (com-
pare COENOCYTE; SYNCYTIUM). Cell size
varies, but most cells are microscopic (av-
erage diameter 0.01-0.1 mm). Cells may
exist as independent units of life, as in
bacteria and certain protoctists, or they
may form colonies or tissues, as in all
plants and animals. Each cell consists of a
mass of protein material that is differenti-
ated into *cytoplasm and a *nucleus,
which contains DNA. The cell is bounded
by a *plasma membrane, which in the
cells of plants, fungi, algae, and bacteria is
surrounded by a *cell wall. There are two
main types of cell. Prokaryotic cells (bac-
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German botanist Hugo von Mohl (1805-72) coins the word ‘protoplasm’

German pathologist Rudolf Virchow (1821-1902) postulates that all cells

division in plants and states that new nuclei arise from division of existing

) discovers lysosomes and

) discovers the

CELL BIOLOGY

1665 English physicist Robert Hooke (1635-1703) coins the word ‘cell’.

1831 Robert Brown discovers the nucleus in plant cells.

1838 German botanist Matthias Schleiden (1804-81) proposes that plants are
composed of cells.

1839 Theodor Schwann states that animals are composed of cells and
concludes that all living things are made up of cells.

1846
for the living material of cells.

1858
arise from other cells.

1865 German botanist Julius von Sachs (1832-97) discovers the chlorophyll-
containing bodies in plant cells later named chloroplasts.

1876-80 German cytologist Eduard Strasburger (1844-1912) describes cell
nuclei.

1882 German cytologist Walther Flemming (1843-1905) describes the process
of cell division in animal cells, for which he coins the term ‘mitosis’.
Strasburger coins the words ‘cytoplasm’ and ‘nucleoplasm’.

1886 German biologist August Weismann (1834—1914) proposes his theory of
the continuity of the germ plasm.

1887 Belgian cytologist Edouard van Beneden (1846-1910) discovers that the
number of chromatin-containing threadlike bodies (subsequently named
chromosomes) in the cells of a given species is always the same and that
the sex cells contain half this number.

1888 German anatomist Heinrich von Waldeyer (1836-1921) coins the word
‘chromosome’.

1898 Camillo Golgi discovers the Golgi apparatus.

1901 US biologist Clarence McClung (1870-1946) discovers the sex
chromosomes.

1911 Thomas Hunt Morgan produces the first chromosome map.

1949 Canadian geneticist Murray Barr (1908-95) discovers Barr bodies.

1955 Belgian biochemist Christian de Duve (1917-
peroxisomes.

1956 Romanian-born US physiologist George Palade (1912—
role of microsomes (later renamed ribosomes).

teria) are the more primitive. The nuclear
material is not bounded by a membrane
and chemicals involved in cell me-
tabolism are associated with the plasma
membrane. Reproduction is generally
asexual and involves simple cell cleavage.
In eukaryotic cells the nucleus is bounded
by a nuclear envelope and the cytoplasm
is divided by membranes into a system of

interconnected cavities and separate
compartments (organelles), e.g. *mito-
chondria, *endoplasmic reticulum,

*Golgi apparatus, *lysosomes, and *ribo-
somes (see illustration). Reproduction can
be either asexual (see MITOSIS) or sexual
(see MEIOSIS). Plants and animals consist
of eukaryotic cells but plant cells possess
*chloroplasts and other *plastids and bear
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1956 US biochemist Arthur Kornberg (1918- ) discovers DNA polymerase.
1957 US biochemist Melvin Calvin (1911-97) publishes details of the

photosynthetic carbon-fixation cycle (Calvin cycle).

1961 South African-born British biochemist Sydney Brenner (1927- )
discovers messenger RNA, in conjunction with Francois Jacob (1920- )
and Mathews Meselson (1930- ).

1964 US microbiologists Keith Porter and Thomas F. Roth discover the first cell
receptors.

1970 US biologist Lynn Margulis (1938- ) proposes the endosymbiont theory
for the origin of eukaryote cellular organelles.

1971 German-born US cell biologist Gunter Blobel (1936- ) proposes the
signal hypothesis to explain how proteins are delivered to their correct
destinations within cells.

1975 British biologists J. A. Lucy and E. C. Cocking achieve successful fusion of
plant and animal cells.

1979 The first ‘test-tube baby’, Louise Brown, is born in the UK using in vitro
fertilization.

1982 British cell biologist Timothy Hunt (1943- ) discovers cyclins, proteins
that control the cell cycle.

US neurologist Stanley Prusiner (1942— ) discovers prions.

1983 A mouse embryo is engineered to include the gene for human growth
hormone, creating a ‘supermouse’.

1984 Sheep embryos are cloned for the first time.

1986 US cell biologist Robert Horvitz (1947- ) identifies genes involved in
programmed cell death in the nematode Caenorhabditis elegans.

First licence granted in USA for marketing a genetically engineered
organism.

1993 First successful cloning of human embryos.

1997 Birth of Dolly the sheep, the first mammal to be cloned from adult body
cells.

1998 Approval given in USA for therapeutic use of a synthetic skin
containing live cultured human tissue cells.

2000 The embryo of a gaur, an endangered mammal, is cloned from skin cells
of an adult and develops inside the womb of a cow.

2002 A pluripotent stem cell is isolated from adult human bone marrow.

a rigid cellulose cell wall. See Chronology:
Cell Biology.

cell body (perikaryon) The part of a
*neuron that contains the nucleus. The
cell processes that are involved in the
transmission and reception of nervous im-
pulses (the axon and the dendrites respec-
tively) develop as extensions from the cell
body.

cell cycle The sequence of stages that a
cell passes through between one cell divi-
sion and the next. The cell cycle can be di-
vided into four main stages: (1) the M
phase, which consists of *mitosis (nuclear
division) and cytokinesis (cytoplasmic divi-
sion); (2) the G, phase, in which there is a
high rate of biosynthesis and growth; (3)
the S phase, in which the DNA content of
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the cell doubles and the chromosomes
replicate; (4) the G, phase, during which
the final preparations for cell division are
made. *Interphase consists of the G4, S,
and G, phases, which comprise about 90%
(16-24 hours) of the total time of the cell
cycle in rapidly dividing cells. The M
phase lasts about 1-2 hours. A point is
reached in the G, phase, known as the re-
striction point, after which the cell be-
comes committed to passing through the
remainder of the cell cycle regardless of
the external conditions.

cell division The formation of two or
more daughter cells from a single mother
cell. The nucleus divides first and this is
followed by the formation of a plasma
membrane between the daughter nuclei.
*Mitosis produces two daughter nuclei
that are identical to the original nucleus;
*meiosis results in four daughter nuclei
each with half the number of chromo-
somes in the mother cell nucleus. See also
CELL CYCLE.

cell fusion (somatic cell hybridization)
The technique of combining two cells
from different tissues or species in a cell
culture. The cells fuse and coalesce but
their nuclei generally remain separate.
However, during cell division a single
spindle is formed so that each daughter
cell has a single nucleus containing sets of
chromosomes from each parental line.
Subsequent division of the hybrid cells
often results in the loss of chromosomes
(and therefore genes), so that absence of a
gene product in the culture can be related
to the loss of a particular chromosome.
Thus the technique is used to determine
the control of characteristics exerted by
specific chromosomes. Hybrid cells result-
ing from cell fusion have also been used
to produce *monoclonal antibodies.

cell junction Any of various kinds of
connection between cells. Tight junctions
form a seal between adjacent cells, partic-
ularly in epithelia, to prevent the passage
of materials between cells. A primarily
structural bond between cells is provided
by adherens junctions and desmosomes,
whereas communication between adja-
cent cells is facilitated by gap junctions in
animal cells and *plasmodesmata in plant
cells.

cell membrane Any membrane that is
found in a living cell, especially the
*plasma membrane, which forms the cell
boundary. Other cell membranes include
the nuclear envelope (see NUCLEUS); the
*tonoplast, which encloses the vacuole of
plant cells; and the membranes of the var-
ious cell organelles, such as the endoplas-
mic reticulum, Golgi apparatus,
mitochondria, chloroplasts, and lyso-
somes.

cell sap The solution that fills the vac-
uoles of plant cells. It contains sugars,
amino acids, waste substances (such as
tannins), and mineral salts.

cell theory The theory that was born of
the findings of Matthias Schleiden (1804-
81) in 1838 and Theodor *Schwann in
1839, who postulated, respectively, that
plants and animals were made up of cells
and that these units were basic to the
structure and function of all organisms.
Previously, in 1665, Robert Hooke, while
examining cork under the microscope,
had observed that its structure consisted
of hollow boxlike units, which he called
‘cells’. At the time, however, he did not
realize the significance of these units,
which were in fact dead cells.

cellular plastics Solid synthetic ma-
terials having an open structure. A com-
mon example is rigid *polystyrene foam
used in insulation and packaging.

cellulase A carbohydrate-digesting en-
zyme (a carbohydrase) that hydrolyses cel-
lulose to sugars, including cellobiose (a
disaccharide consisting of two B-(1,4)
linked molecules of glucose) and glucose.
Cellulase breaks the B-glycosidic links that
join the constituent sugar units of cellu-
lose. See also RUMINANTIA.

celluloid A transparent highly flam-
mable substance made from cellulose ni-
trate with a camphor plasticizer. It was
formerly widely used as a thermoplastic
material, especially for film (a use now
discontinued owing to the flammability of
celluloid).

cellulose A polysaccharide that consists
of a long unbranched chain of glucose
units. It is the main constituent of the cell
walls of all plants, many algae, and some
fungi and is responsible for providing the
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rigidity of the cell wall. It is an important
constituent of dietary *fibre. The fibrous
nature of extracted cellulose has led to its
use in the textile industry for the produc-
tion of cotton, artificial silk, etc.

cellulose acetate See CELLULOSE
ETHANOATE.

cellulose ethanoate (cellulose acetate)
A compound prepared by treating cellu-
lose (cotton linters or wood pulp) with a
mixture of ethanoic anhydride, ethanoic
acid, and concentrated sulphuric acid. Cel-
lulose in the cotton is ethanoylated and
when the resulting solution is treated
with water, cellulose ethanoate forms as a
flocculent white mass. It is used in lac-
quers, nonshatterable glass, varnishes,
and as a fibre (see also RAYON).

cellulose nitrate A highly flammable
material made by treating cellulose (wood
pulp) with concentrated nitric acid. De-
spite the alternative name nitrocellulose,
the compound is in fact an ester (contain-
ing CONO, groups), not a nitro compound
(which would contain C-NO,). It is used in
explosives (as guncotton) and celluloid.

cell wall A rigid outer layer that sur-
rounds the plasma membrane of plant,
fungal, algal and bacterial (but not ani-
mal) cells. It protects and/or gives shape to
a cell, and in herbaceous plants provides
mechanical support for the plant body.
Most plant cell walls are composed of the
polysaccharide *cellulose and may be
strengthened by the addition of *lignin.
The cell walls of fungi consist mainly of
*chitin. Bacterial cell walls consist of com-
plex polymers of polysaccharides and
amino acids.

Celsius scale A *temperature scale in
which the fixed points are the tempera-
tures at standard pressure of ice in equi-
librium with water (0°C) and water in
equilibrium with steam (100°C). The scale,
between these two temperatures, is di-
vided in 100 degrees. The degree Celsius
(°C) is equal in magnitude to the *kelvin.
This scale was formerly known as the
centigrade scale; the name was officially
changed in 1948 to avoid confusion with a
hundredth part of a grade. It is named
after the Swedish astronomer Anders Cel-
sius (1701-44), who devised the inverted

form of this scale (ice point 100°, steam
point 0°) in 1742.

cement 1. Any of various substances
used for bonding or setting to a hard ma-
terial. Portland cement is a mixture of cal-
cium silicates and aluminates made by
heating limestone (CaCO3) with clay (con-
taining aluminosilicates) in a kiln. The
product is ground to a fine powder. When
mixed with water it sets in a few hours
and then hardens over a longer period of
time due to the formation of hydrated alu-
minates and silicates. 2. (cementum) A
thin layer of bony material that fixes
teeth to the jaw. It covers the dentine of
the root of a *tooth, below the level of the
gum, and is attached to the *periodontal
membrane lining the tooth socket in the
jawbone.

cementation Any metallurgical process
in which the surface of a metal is impreg-
nated by some other substance, especially
an obsolete process for making steel by
heating bars of wrought iron to red heat
for several days in a bed of charcoal. See
also CASE HARDENING.

cementite Sece STEEL.

Cenozoic (Cainozoic; Kainozoic) The geo-
logical era that began about 65 million
years ago and extends to the present. It
followed the *Mesozoic era and is subdi-
vided into the *Tertiary and *Quaternary
periods. The Cenozoic is often known as
the Age of Mammals as these animals
evolved to become an abundant, diverse,
and dominant group. Birds and flowering
plants also flourished. The era saw the for-
mation of the major mountain ranges of
the Himalayas and the Alps.

centi- Symbol c. A prefix used in the
metric system to denote one hundredth.
For example, 0.01 metre = 1 centimetre
(cm).

centigrade scale See CELSIUS SCALE.
centipedes See CHILOPODA.

Central Dogma The basic belief origi-
nally held by molecular geneticists, that
flow of genetic information can only
occur from *DNA to *RNA to proteins. It
is now known, however, that information
contained within RNA molecules can also
flow back to DNA, for example during the
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replication of *retroviruses. See also GE-
NETIC CODE.

central nervous system (CNS) The
part of the nervous system that coordi-
nates all neural functions. In invertebrates
it may comprise simply a few *nerve
cords and their associated *ganglia. In ver-
tebrates it consists of the *brain and the
*spinal cord. The vertebrate CNS contains
*reflex arcs, which produce automatic
and rapid responses to particular stimuli.

central processing unit See cru; com-
PUTER.

centre (in neurology) A part of the ner-
vous system, consisting of a group of
nerve cells, that coordinates a particular
process. An example is the respiratory
centre in the vertebrate brainstem, which
controls breathing movements. The stim-
ulation of a centre will initiate the pro-
cess, while destruction of the centre will
prevent or impair it.

centre of curvature The centre of the
sphere of which a *lens surface or curved
*mirror forms a part. The radius of curva-
ture is the radius of this sphere.

centre of gravity See CENTRE OF MASS.

centre of mass The point at which the
whole mass of a body may be considered
to be concentrated. This is the same as the
centre of gravity, the point at which the
whole weight of a body may be consid-
ered to act, if the body is situated in a uni-
form gravitational field.

centrifugal force See CENTRIPETAL
FORCE.

centrifugal pump See PUMP.

centrifuge A device in which solid or
liquid particles of different densities are
separated by rotating them in a tube in a
horizontal circle. The denser particles
tend to move along the length of the tube
to a greater radius of rotation, displacing
the lighter particles to the other end.

centriole A cylindrical structure associ-
ated with the *centrosome in animal cells
but not normally found in plant cells.
Centrioles occur in pairs, orientated at
right angles to each other, and are com-
posed of *microtubules. During cell divi-
sion the pair separates: a centriole

migrates with each centrosome to oppo-
site poles of the cell. It was formerly
thought that centrioles were involved in
the assembly of *spindle microtubules
but this is now in doubt, since their ab-
sence does not affect spindle formation.

centripetal force A force acting on a
body causing it to move in a circular path.
If the mass of the body is m, its constant
speed v, and the radius of the circle r, the
magnitude of the force is mv?[r and it is di-
rected towards the centre of the circle.
Even though the body is moving with a
constant speed v, its velocity is changing,
because its direction is constantly chang-
ing. There is therefore an acceleration v*[r
towards the centre of the circle. For exam-
ple, when an object is tied to a string and
swung in a horizontal circle there is a ten-
sion in the string equal to mv?[r. If the
string breaks, this restraining force disap-
pears and the object will move off in a
straight line along the tangent to the cir-
cle in which it was previously moving.

In the case of a satellite (mass m) orbit-
ing the earth (mass M), the centripetal
force holding the satellite in orbit is the
gravitational force, GmM/d?, where G is
the gravitational constant and d is the
height of the satellite above the centre of
the earth. Therefore GmM/d? = mv?/d. This
equation enables the height of the orbit
to be calculated for a given orbital veloc-
ity.

Another way of looking at this situa-
tion, which was once popular, is to as-
sume that the centripetal force is
balanced by an equal and opposite force,
acting away from the centre of the circle,
called the centrifugal force. One could
then say that the satellite stays in orbit
when the centrifugal force balances the
gravitational force. This is, however, a
confusing and misleading argument be-
cause the centrifugal force is fictitious - it
does not exist. The gravitational force is
not balanced by the centrifugal force: it is
the centripetal force.

Another example is that of a car round-
ing a bend. To an observer in the car, a
tennis ball lying on the back shelf will roll
across the shelf as if it was acted on by an
outward centrifugal force. However, to an
observer outside the car it can be seen
that the ball, because of its almost fric-
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tionless contact with the car, is continu-
ing in its straight line motion, un-
influenced by the centripetal force.
Occasionally the concept of a centrifugal
force can be useful, as long as it is recog-
nized as a fictitious force. A true centrifu-
gal force is exerted, as a *reaction, by the
rotating object on whatever is providing
its centripetal force.

centroid The point within an area or
volume at which the centre of mass
would be if the surface or body had a uni-
form density. For a symmetrical area or
volume it coincides with the centre of
mass. For a nonsymmetrical area or vol-
ume it has to be found by integration.

centromere (kinomere; spindle attach-
ment) The part of a *chromosome that at-
taches to the *spindle during cell division
(see MEIOSIS; MITOSIS), attachment being
via a platelike structure called the *ki-
netochore. The centromere usually
appears as a constriction when chromo-
somes contract during cell division. The
position of the centromere is a distin-
guishing feature of individual chromo-
somes.

centrosome (cell centre; centrosphere) A
specialized region of all eukaryote cells
except fungi, situated next to the nucleus,
that organizes the microtubules of the
*spindle during cell division. In animal
cells it is also the main region of the cell
from which the microtubules of the *cy-
toskeleton radiate. The centrosomes of
most animal cells contain a pair of *cen-
trioles. During *metaphase of mitosis and
meiosis, the centrosome separates into
two regions, each containing one of the
centrioles (where present). The two re-
gions move to opposite ends of the cell
and a spindle forms between them. See
also ASTER.

centrum See VERTEBRA.

cephalization The tendency among ani-
mal groups for the major sense organs,
mouth, and brain to be grouped together
at the front (anterior) end of the body.
These are usually contained in a special-
ized cephalic region - the head.

Cephalopoda The most advanced class
of molluscs, containing the squids,
cuttlefishes, octopuses, and the extinct

*ammonites. Cephalopods have a highly
concentrated central nervous system
within a protective cartilaginous case. The
eye has a well-developed retina and is
comparable to that of vertebrates. All
cephalopods are predacious carnivores ca-
pable of swimming by jet propulsion;
they have highly mobile tentacles for
catching and holding prey.

cephalothorax The fused head and tho-
rax of crustaceans and arachnids (spiders,
scorpions), which is connected to the ab-
domen.

Cepheid variable An unstable pulsat-
ing star that has left the main sequence
(see HERTZSPRUNG-RUSSELL DIAGRAM). As it
pulsates every 3 to 50 days its luminosity,
radius, and temperature vary in a regular
way. Most Cepheids are yellow super-
giants and will become *red giants. There
are more than 700 known Cepheids,
named after their prototype, Delta
Cepheid in the northern constellation
Cepheus.

ceramics Inorganic materials, such as
pottery, enamels, and refractories. Ceram-
ics are metal silicates, oxides, nitrides, etc.

cerebellum The part of the vertebrate
*brain concerned with the coordination
and regulation of muscle activity and the
maintenance of muscle tone and balance.
In mammals it consists of two connected
hemispheres, composed of a core of white
matter and a much-folded outer layer of
grey matter, and is situated above the
medulla oblongata and partly beneath the
cerebrum.

cerebral cortex (pallium) The layer of
*grey matter that forms the outer layer of
the hemispheres of the *cerebrum in
many vertebrates. It is most highly devel-
oped in mammals. The cortex is responsi-
ble for the control and integration of
voluntary movement and the senses of vi-
sion, hearing, touch, etc.; it also contains
centres concerned with memory, lan-
guage, thought, and intellect.

cerebral hemisphere Either of the two
halves of the vertebrate *cerebrum.

cerebrospinal fluid (CSF) The fluid,
similar in composition to *lymph, that
bathes the central nervous system of ver-
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tebrates. It is secreted by the *choroid
plexus into the *ventricles of the brain,
filling these and other cavities in the
brain and spinal cord, and is reabsorbed
by veins on the brain surface. Its function
is to protect the central nervous system
from mechanical injury.

cerebrum The largest part of the verte-
brate *brain. It consists of two cerebral
hemispheres, which develop from the em-
bryonic *forebrain. The hemispheres have
an outer convoluted layer of grey matter -
the *cerebral cortex - which contains an
estimated ten billion nerve cells. Under-
neath this is *white matter. The two
halves of the cerebrum are linked by the
*corpus callosum. The function of the cer-
ebrum is to integrate complex sensory
and neural functions. The cerebrum is
thought to play a critical role in the pro-
cess of learning, which involves both
short-term and long-term memory.

Cerenkov, Pavel Alekseyevich
(1904-90) Soviet physicist, who became a
professor at the Lebedev Institute of
Physics in Moscow. In 1934, while observ-
ing radioactive radiation underwater, he
discovered *Cerenkov radiation. The ex-
planation of the phenomenon was pro-
vided by Igor Tamm (1895-1971) and Ilya
Frank (1908-90), and in 1958 the three sci-
entists shared the Nobel Prize for physics.

Cerenkov counter (Cerenkov detector)
A type of *counter for detecting and
counting high-energy charged particles.
The particles pass through a liquid and
the light emitted as *Cerenkov radiation
is registered by a *photomultiplier tube.

Cerenkov radiation Electromagnetic
radiation, usually bluish light, emitted by
a beam of high-energy charged particles
passing through a transparent medium at
a speed greater than the speed of light in
that medium. It was discovered in 1934 by
Pavel Cerenkov. The effect is similar to
that of a *sonic boom when an object
moves faster than the speed of sound; in
this case the radiation is a shock wave set
up in the electromagnetic field. Cerenkov
radiation is used in the *Cerenkov counter.

cerium Symbol Ce. A silvery metallic el-
ement belonging to the *lanthanoids; a.n.
58; r.a.m. 140.12; r.d. 6.77 (20°C); m.p.

799°C; b.p. 3426°C. It occurs in allanite,
bastnasite, cerite, and monazite. Four iso-
topes occur naturally: cerium-136, -138,
-140, and -142; fifteen radioisotopes have
been identified. Cerium is used in misch-
metal, a rare-earth metal containing 25%
cerium, for use in lighter flints. The oxide
is used in the glass industry. It was discov-
ered by Martin Klaproth (1743-1817) in
1803.

cermet A composite material consisting
of a ceramic in combination with a sin-
tered metal, used when a high resistance
to temperature, corrosion, and abrasion is
needed.

CERN (Conseil Européen pour la
Recherche Nucléaire) The European Labo-
ratory for Particle Physics, formerly
known as the European Organization for
Nuclear Research, which is situated close
to Geneva in Switzerland and is supported
by a number of European nations. It runs
the Super Proton Synchrotron (SPS), which
has a 7-kilometre underground tunnel en-
abling protons to be accelerated to

400 GeV, and the Large Electron-Positron
Collider (LEP), in which 50 GeV electron
and positron beams are collided.

cerussite An ore of lead consisting of
lead carbonate, PbCO;. It is usually of sec-
ondary origin, formed by the weathering
of *galena. Pure cerussite is white but the
mineral may be grey due to the presence
of impurities. It forms well-shaped ortho-
rhombic crystals. It occurs in the USA,
Spain, and SW Africa.

cervical vertebrae The *vertebrae of
the neck. The number of cervical verte-
brae varies with the vertebrate group:
most mammals (including humans) have
seven. Their main functions are to sup-
port the head and to provide articulating
surfaces against which it can move rela-
tive to the backbone. See ATLAS; AXIS.

cervix A narrow or necklike part of an
organ. The cervix of the uterus (cervix
uteri) leads to the vagina. Glands in its
walls produce mucus, whose viscosity
changes according to the oestrous cycle.
During labour, the cervix enlarges greatly
to allow passage of the fetus.

Cestoda A class of flatworms (see PLATY-
HELMINTHES) comprising the tapeworms -
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ribbon-like parasites within the gut of ver-
tebrates. Tapeworms are surrounded by
partially digested food in the host gut so
they are able to absorb nutrients through
their whole body surface. The body con-
sists of a scolex (head), bearing suckers
and hooks for attachment, and a series of
proglottids, which contain male and fe-
male reproductive systems. The life cycle
of a tapeworm requires two hosts, the pri-
mary host usually being a predator of the
secondary host. Taenia solium has humans
for its primary host and the pig as its sec-
ondary host. Mature proglottids, contain-
ing thousands of fertilized eggs, leave the
primary host with its faeces and develop
into embryos and then larvae that con-
tinue the life cycle in the gut of a sec-
ondary host.

Cetacea An order of marine mammals
comprising the whales, which includes
what is probably the largest known ani-
mal - the blue whale (Balaenoptera
musculus), over 30 m long and over 150
tonnes in weight. The forelimbs of whales
are modified as short stabilizing flippers
and the skin is very thin and almost hair-
less. A thick layer of blubber insulates the
body against heat loss and is an important
food store. Whales breathe through a dor-
sal blowhole, which is closed when the
animal is submerged. The toothed whales
(suborder Odontoceti), such as the dol-
phins and killer whale, are carnivorous;
whalebone whales (suborder Mysticeti),
such as the blue whale, feed on plankton
filtered by *whalebone plates.

cetane See HEXADECANE.

cetane number A number that pro-
vides a measure of the ignition character-
istics of a Diesel fuel when it is burnt in a
standard Diesel engine. It is the percent-
age of cetane (hexadecane) in a mixture of
cetane and 1-methylnaphthalene that has
the same ignition characteristics as the
fuel being tested. Compare OCTANE NUM-
BER.

CFC See CHLOROFLUOROCARBON.

c.g.s. units A system of *units based on
the centimetre, gram, and second. De-
rived from the metric system, it was not
well suited for use with thermal quanti-
ties (based on the inconsistently defined

*calorie) and with electrical quantities (in
which two systems, based respectively on
unit permittivity and unit permeability of
free space, were used). For many scientific
purposes c.g.s. units have now been re-
placed by *SI units.

Chadwick, Sir James (1891-1974)
British physicist. After working at Man-
chester University under *Rutherford, he
went to work with Hans *Geiger in
Leipzig in 1913. Interned for the duration
of World War I, he joined Rutherford in
Cambridge after the war. In 1932 he dis-
covered the *neutron, as predicted by
Rutherford. In 1935 he was awarded the
Nobel Prize, the same year in which he
built Britain’s first *cyclotron at Liverpool
University.

chaeta A bristle, made of *chitin, occur-
ring in annelid worms. In the earthworm
they occur in small groups projecting
from the skin in each segment and func-
tion in locomotion. The chaetae of poly-
chaete worms (e.g. ragworm) are borne in
larger groups on paddle-like appendages
(parapodia).

chain A line of atoms of the same type
in a molecule. In a straight chain the
atoms are attached only to single atoms,
not to groups. Propane, for instance, is a
straight-chain alkane, CH;CH,CHj;, with a
chain of three carbon atoms. A branched
chain is one in which there are side
groups attached to the chain. Thus,
3-ethyloctane, CH;CH,CH(C,H;s)CsH, 4, is a
branched-chain alkane in which there is a
side chain (C,H;) attached to the third car-
bon atom. A closed chain is a *ring of
atoms in a molecule; otherwise the mol-
ecule has an open chain.

Chain, Sir Ernst Boris (1906-79) Ger-
man-born British biochemist, who began
his research career at Cambridge Univer-
sity in 1933. Two years later he joined
*Florey at Oxford, where they isolated
and purified *penicillin. They also devel-
oped a method of producing the drug in
large quantities and carried out its first
clinical trials. The two men shared the
1945 Nobel Prize for physiology or
medicine with penicillin’s discoverer,
Alexander *Fleming.

chain reaction A reaction that is self-
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sustaining as a result of the products of
one step initiating a subsequent step.

In nuclear chain reactions the succes-
sion depends on production and capture
of neutrons. Thus, one nucleus of the iso-
tope uranium-235 can disintegrate with
the production of two or three neutrons,
which cause similar fission of adjacent nu-
clei. These in turn produce more neu-
trons. If the total amount of material
exceeds a *critical mass, the chain reac-
tion may cause an explosion.

Chemical chain reactions usually in-
volve free radicals as intermediates. An
example is the reaction of chlorine with
hydrogen initiated by ultraviolet radia-
tion. A chlorine molecule is first split into
atoms:

Cl, —» Cl- + Cl-

These react with hydrogen as follows
Cl- +H, » HCl + H-
H- + Cl, —» HCI + CI- etc.

Combustion and explosion reactions in-
volve similar free-radical chain reactions.

chair conformation See cONFORMA-
TION.

chalaza 1. A twisted strand of fibrous al-
bumen in a bird’s egg that is attached to
the membrane at either end of the yolk
and thus holds the yolk in position in the
albumen. 2. The part of a plant *ovule
where the nucellus and integuments
merge.

chalcedony A mineral consisting of a
microcrystalline variety of *quartz. It oc-
curs in several forms, including a large
number of semiprecious gemstones; for
example, sard, carnelian, jasper, onyx,
chrysoprase, agate, and tiger’s-eye.

chalcogens See GROUP 16 ELEMENTS.

chalconides Binary compounds formed
between metals and group 16 elements;
i.e. oxides, sulphides, selenides, and tel-
lurides.

chalcopyrite (copper pyrites) A brassy
yellow mineral consisting of a mixed cop-
per-iron sulphide, CuFeS,, crystallizing in
the tetragonal system; the principal ore of
copper. It is similar in appearance to
pyrite and gold. It crystallizes in igneous

rocks and hydrothermal veins associated
with the upper parts of acid igneous intru-
sions. Chalcopyrite is the most wide-
spread of the copper ores, occurring, for
example, in Cornwall (UK), Sudbury
(Canada), Chile, Tasmania (Australia), and
Rio Tinto (Spain).

chalk A very fine-grained white rock
composed of the fossilized skeletal re-
mains of marine plankton known as coc-
coliths and consisting largely of *calcium
carbonate (CaCOs). It is used in toothpaste
and cosmetics and is the characteristic
rock of the *Cretaceous period. It should
not be confused with blackboard ‘chalk’,
which is made from calcium sulphate.

Chandrasekhar limit The maximum
possible mass of a star that is prevented
from collapsing under its own gravity by
the *degeneracy pressure of electrons. For
white dwarfs the Chandrasekhar mass is
about 1.4 times the mass of the sun. There
is an analogue of the Chandrasekhar limit
for neutron stars. For neutron stars its
value is less precisely known because of
uncertainties regarding the equation of
state of neutron matter, but it is generally
taken to be in the range of 1.5 to 3 (and al-
most certainly no more than 5) times the
mass of the sun. It is named after Subrah-
manyan Chandrasekhar (1910-95).

change of phase (change of state) A
change of matter in one physical *phase
(solid, liquid, or gas) into another. The
change is invariably accompanied by the
evolution or absorption of energy, even if
it takes place at constant temperature (see
LATENT HEAT).

channel 1. The region between the
source and the drain in a field-effect
*transistor. The conductivity of the chan-
nel is controlled by the voltage applied to
the gate. 2. A path, or a specified fre-
quency band, along which signals, infor-
mation, or data flow. 3. A pore formed by
a protein molecule in a plasma membrane
that aids the diffusion of certain sub-
stances into and out of the cell. These sub-
stances are usually charged ions (see ION
CHANNEL) or lipid-insoluble molecules. See
also TRANSPORT PROTEIN.

chaos Unpredictable and seemingly ran-
dom behaviour occurring in a system that
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should be governed by deterministic laws.
In such systems, the equations that de-
scribe the way the system changes with
time are nonlinear and involve several
variables. Consequently, they are very
sensitive to the initial conditions, and a
very small initial difference may make an
enormous change to the future state of
the system. Originally, the theory was in-
troduced to describe unpredictability in
meteorology, as exemplified by the
butterfly effect. It has been suggested that
the dynamical equations governing the
weather are so sensitive to the initial data
that whether or not a butterfly flaps its
wings in one part of the world may make
the difference between a tornado occur-
ring or not occurring in some other part
of the world. Chaos theory has subse-
quently been extended to other branches
of science; for example to turbulent flow,
planetary dynamics, and electrical oscilla-
tions in physics, and to combustion pro-
cesses and *oscillating reactions in
chemistry. See also ATTRACTOR; FRACTAL.

chaotic reaction A type of chemical re-
action in which the concentrations of re-
actants show chaotic behaviour. This may
occur when the reaction involves a large
number of complex interlinked steps.
Under such conditions, it is possible for
the reaction to display unpredictable
changes with time. See also OSCILLATING
REACTION.

character (trait) A distinctive inherited
feature of an organism. Organisms in a
population may display different aspects
of a particular character, e.g. the A, B, and
O human blood groups (see ABO SYSTEM)
are different aspects of the blood group
character.

characteristic See LOGARITHM.

charcoal A porous form of carbon pro-
duced by the destructive distillation of or-
ganic material. Charcoal from wood is
used as a fuel. All forms of charcoal are
porous and are used for adsorbing gases
and purifying and clarifying liquids. There

are several types depending on the source.

Charcoal from coconut shells is a particu-
larly good gas adsorbent. Animal charcoal
(or bone black) is made by heating bones
and dissolving out the calcium phos-
phates and other mineral salts with acid.

It is used in sugar refining. Activated char-
coal is charcoal that has been activated for
adsorption by steaming or by heating in a
vacuum.

charge A property of some *elementary
particles that gives rise to an interaction
between them and consequently to the
host of material phenomena described as
electrical. Charge occurs in nature in two
forms, conventionally described as posi-
tive and negative in order to distinguish
between the two kinds of interaction be-
tween particles. Two particles that have
similar charges (both negative or both
positive) interact by repelling each other;
two particles that have dissimilar charges
(one positive, one negative) interact by at-
tracting each other. The size of the inter-
action is determined by *Coulomb’s law.

The natural unit of negative charge is
the charge on an *electron, which is
equal but opposite in effect to the positive
charge on the proton. Large-scale matter
that consists of equal numbers of elec-
trons and protons is electrically neutral. If
there is an excess of electrons the body is
negatively charged; an excess of protons
results in a positive charge. A flow of
charged particles, especially a flow of elec-
trons, constitutes an electric current.
Charge is measured in coulombs, the
charge on an electron being 1.602 x 107%°
coulombs.

charge carrier The entity that trans-
ports electric charge in an electric cur-
rent. The nature of the carrier depends on
the type of conductor: in metals, the
charge carriers are electrons; in *semicon-
ductors the carriers are electrons (n-type)
or positive *holes (p-type); in gases the
carriers are positive ions and electrons; in
electrolytes they are positive and negative
ions.

charge conjugation Symbol C. A prop-
erty of elementary particles that deter-
mines the difference between a particle
and its *antiparticle. The property is not
restricted to electrically charged particles
(i.e. it applies to neutral particles such as
the neutron). See CP INVARIANCE.

charge density 1. The electric charge
per unit volume of a medium or body
(volume charge density). 2. The electric
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charge per unit surface area of a body
(surface charge density).

charge-transfer complex A chemical
compound in which there is weak coordi-
nation involving the transfer of charge be-
tween two molecules. An example is
phenoquinone, in which the phenol and
quinone molecules are not held together
by formal chemical bonds but are associ-
ated by transfer of charge between the
compounds’ aromatic ring systems.

Charles, Jacques Alexandre César
(1746-1823) French chemist and physicist,
who became professor of physics at the
Paris Conservatoire des Arts et Métiers. He
is best remembered for discovering
*Charles’ law (1787), relating to the vol-
ume and temperature of a gas. In 1783 he
became the first person to make an ascent
in a hydrogen balloon.

Charles’ law The volume of a fixed
mass of gas at constant pressure expands
by a constant fraction of its volume at 0°C
for each Celsius degree or kelvin its tem-
perature is raised. For any *ideal gas the
fraction is approximately 1/273. This can
be expressed by the equation

V= V(1 +1273),

where V is the volume at 0°C and Vis its
volume at t°C. This is equivalent to the
statement that the volume of a fixed mass
of gas at constant pressure is proportional
to its thermodynamic temperature, V = kT,
where k is a constant. The law resulted
from experiments begun around 1787 by
Jacques Charles but was properly estab-
lished only by the more accurate results
published in 1802 by the French scientist
Joseph Gay-Lussac (1778-1850). Thus the
law is also known as Gay-Lussac’s law. An
equation similar to that given above ap-
plies to pressures for ideal gases:

p=1po(1 +1t[273),

a relationship known as Charles’ law of
pressures. See also GAS LAWS.

charm A property of certain *elemen-
tary particles that is expressed as a quan-
tum number and is used in the quark
model. It was originally suggested to ac-
count for the unusually long lifetime of
the *psi particle. In this theory the three
original quark-antiquark pairs were sup-

plemented by a fourth pair - the charmed
quark and its antiquark. The psi particle
itself is a meson having zero charm as it
consists of the charmed pair. However,
charmed *hadrons do exist; they are said
to possess naked charm. Charm is thought
to be conserved in strong and electromag-
netic interactions.

cheddite Any of a group of high explo-
sives made from nitro compounds mixed
with sodium or potassium chlorate.

chelate An inorganic complex in which
a *ligand is coordinated to a metal ion at
two (or more) points, so that there is a
ring of atoms including the metal (see for-
mula). The process is known as chelation.
A ligand such as diaminoethane, which
coordinates at two points, is said to be
bidentate (‘having two teeth’). Other lig-
ands are tridentate, tetradentate, etc. The
angle made by two bonds coordinating

to the metal atom is the bite angle of the
ligand. See also SEQUESTRATION.

H,C

e 2T NH,
H,C

\ Cut<«—

NH;

NH,

NH
TT—cH,

Chelate formed by coordination of two
molecules of H,N(CH,)2NH,

chelicerae The first pair of appendages
on the head of arachnids and other
*arthropods of the phylum Chelicerata.
These appendages take the form of pin-
cers or claws and are used for grasping or
tearing food.

chemical bond A strong force of attrac-
tion holding atoms together in a molecule
or crystal. Typically chemical bonds have
energies of about 1000 k] mol™ and are
distinguished from the much weaker
forces between molecules (see VAN DER
WAALS’ FORCE). There are various types.
lonic (or electrovalent) bonds can be
formed by transfer of electrons. For in-
stance, the calcium atom has an electron
configuration of [Ar]4s?, i.e. it has two
electrons in its outer shell. The chlorine
atom is [Ne|3s?3p®, with seven outer elec-
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trons. If the calcium atom transfers two
electrons, one to each chlorine atom, it
becomes a Ca®" ion with the stable
configuration of an inert gas [Ar]. At the
same time each chlorine, having gained
one electron, becomes a CI” ion, also with
an inert-gas configuration [Ar]. The bond-
ing in calcium chloride is the electrostatic
attraction between the ions.

Covalent bonds are formed by sharing
of valence electrons rather than by trans-
fer. For instance, hydrogen atoms have
one outer electron (1s'). In the hydrogen
molecule, H,, each atom contributes 1
electron to the bond. Consequently, each
hydrogen atom has control of 2 electrons
- one of its own and the second from the
other atom - giving it the electron
configuration of an inert gas [He]. In the
water molecule, H,0, the oxygen atom,
with six outer electrons, gains control of
an extra two electrons supplied by the
two hydrogen atoms. This gives it the
configuration [Ne]. Similarly, each hydro-
gen atom gains control of an extra elec-
tron from the oxygen, and has the [He]|
electron configuration.

A particular type of covalent bond is
one in which one of the atoms supplies
both the electrons. These are known as
coordinate (semipolar or dative) bonds,
and written A—B, where the direction of
the arrow denotes the direction in which
electrons are donated.

Covalent or coordinate bonds in which
one pair of electrons is shared are elec-
tron-pair bonds and are known as single
bonds. Atoms can also share two pairs of
electrons to form double bonds or three
pairs in triple bonds. See ORBITAL.

In a compound such as sodium chlo-
ride, Na*Cl", there is probably complete
transfer of electrons in forming the ionic
bond (the bond is said to be heteropolar).
Alternatively, in the hydrogen molecule
H-H, the pair of electrons is equally
shared between the two atoms (the bond
is homopolar). Between these two ex-
tremes, there is a whole range of interme-
diate bonds, which have both ionic and
covalent contributions. Thus, in hydrogen
chloride, H-CI, the bonding is predomi-
nantly covalent with one pair of electrons
shared between the two atoms. However,
the chlorine atom is more electronegative
than the hydrogen and has more control

over the electron pair; i.e. the molecule is
polarized with a positive charge on the
hydrogen and a negative charge on the
chlorine. See also BANANA BOND; HYDROGEN
BOND; METALLIC BOND; MULTICENTRE
BOND; MULTIPLE BOND.

chemical cell See cELL.

chemical combination The combina-
tion of elements to give compounds.
There are three laws of chemical combi-
nation.

(1) The law of constant composition states
that the proportions of the elements in a
compound are always the same, no mat-
ter how the compound is made. It is also
called the law of constant proportions or
definite proportions.

(2) The law of multiple proportions states
that when two elements A and B combine
to form more than one compound, then
the masses of B that combine with a fixed
mass of A are in simple ratio to one an-
other. For example, carbon forms two
oxides. In one, 12 grams of carbon is com-
bined with 16 grams of oxygen (CO); in
the other 12 grams of carbon is combined
with 32 grams of oxygen (CO,). The oxy-
gen masses combining with a fixed mass
of carbon are in the ratio 16:32, i.e. 1:2.
(3) The law of equivalent proportions
states that if two elements A and B each
form a compound with a third element C,
then a compound of A and B will contain
A and B in the relative proportions in
which they react with C. For example, sul-
phur and carbon both form compounds
with hydrogen. In methane 12 g of carbon
react with 4 g of hydrogen. In hydrogen
sulphide, 32 g of sulphur react with 2 g of
hydrogen (i.e. 64 g of S for 4 g of hydro-
gen). Sulphur and carbon form a com-
pound in which the C:S ratio is 12:64 (i.e.
CS,). The law is sometimes called the law
of reciprocal proportions.

chemical control The use of chemicals
to kill pests (see PESTICIDE). Compare BIO-
LOGICAL CONTROL.

chemical dating An absolute *dating
technique that depends on measuring the
chemical composition of a specimen.
Chemical dating can be used when the
specimen is known to undergo slow
chemical change at a known rate. For in-
stance, phosphate in buried bones is
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slowly replaced by fluoride ions from the
ground water. Measurement of the pro-
portion of fluorine present gives a rough
estimate of the time that the bones have
been in the ground. Another, more accu-
rate, method depends on the fact that
amino acids in living organisms are
L-optical isomers. After death, these rac-
emize and the age of bones can be esti-
mated by measuring the relative amounts
of D- and r-amino acids present.

chemical engineering The study of
the design, manufacture, and operation of
plant and machinery in industrial chemi-
cal processes.

chemical equation A way of denoting
a chemical reaction using the symbols for
the participating particles (atoms, mol-
ecules, ions, etc.); for example,

XA +yB —zC+wD

The single arrow is used for an irre-
versible reaction; double arrows (=) are
used for reversible reactions. When reac-
tions involve different phases it is usual to
put the phase in brackets after the symbol
(s = solid; 1 = liquid; g = gas; aq = aqueous).
The numbers x, y, z, and w, showing the
relative numbers of molecules reacting,
are called the stoichiometric coefficients.
The sum of the coefficients of the reac-
tants minus the sum of the coefficients of
the products (x + y - z - w in the example)
is the stoichiometric sum. If this is zero
the equation is balanced. Sometimes a
generalized chemical equation is consid-
ered

ViAT VAt o VAL VA

In this case the reaction can be written
2v:A; = 0, where the convention is that
stoichiometric coefficients are positive for
reactants and negative for products. The
stoichiometric sum is Zv;.

chemical equilibrium A reversible
chemical reaction in which the concentra-
tions of reactants and products are not
changing with time because the system is
in thermodynamic equilibrium. For exam-
ple, the reversible reaction

3H, + N, = 2NH,

is in chemical equilibrium when the rate
of the forward reaction

3H, + N, —» 2NH;

is equal to the rate of the back reaction
2NH; — 3H, + N,

See also EQUILIBRIUM CONSTANT.

chemical equivalent See EQUIVALENT
WEIGHT.

chemical fossil Any of various organic
compounds found in ancient geological
strata that appear to be biological in ori-
gin and are assumed to indicate that life
existed when the rocks were formed. The
presence of chemical fossils in Archaean
strata indicates that life existed over 3500
million years ago.

chemical potential Symbol: u. For a
given component in a mixture, the coeffi-
cient dG/on, where G is the Gibbs free en-
ergy and n the amount of substance of the
component. The chemical potential is the
change in Gibbs free energy with respect
to change in amount of the component,
with pressure, temperature, and amounts
of other components being constant.
Components are in equilibrium if their
chemical potentials are equal.

chemical reaction A change in which
one or more chemical elements or com-
pounds (the reactants) form new com-
pounds (the products). All reactions are to
some extent reversible; i.e. the products
can also react to give the original reac-
tants. However, in many cases the extent
of this back reaction is negligibly small,
and the reaction is regarded as
irreversible.

chemical shift A change in the normal
wavelength of absorption or emission of
electromagnetic wavelength in a process
in which there is a nuclear energy change
(as in the *Mossbauer effect and *nuclear
magnetic resonance) or a change in elec-
tron energy levels in the inner shells of an
atom (as in X-ray *photoelectron spec-
troscopy).

chemiluminescence See LumI-
NESCENCE.

chemiosmotic theory A theory postu-
lated by the British biochemist Peter
Mitchell (1920-92) to explain the forma-
tion of ATP in the mitochondrial *elec-
tron transport chain. As electrons are



157

chernozem

transferred along the electron carrier sys-
tem in the inner mitochondrial mem-
brane, hydrogen ions (protons) are
actively transported (via *hydrogen carri-
ers) into the space between the inner and
outer mitochondrial membranes, which
thus contains a higher concentration of
protons than the matrix. This creates an
electrochemical gradient across the inner
membrane, down which protons move
back into the matrix. This movement oc-
curs through special channels associated
with ATP synthetase, the enzyme that
catalyses the conversion of ADP to ATP,
and is coupled with the phosphorylation
of ADP. A similar gradient is created
across the thylakoid membranes of
chloroplasts during the light-dependent
reactions of *photosynthesis (see PHOTO-
PHOSPHORYLATION).

chemisorption See¢ ADSORPTION.

chemistry The study of the elements
and the compounds they form. Chemistry
is mainly concerned with effects that de-
pend on the outer electrons in atoms. See
BIOCHEMISTRY; GEOCHEMISTRY; INORGANIC
CHEMISTRY; ORGANIC CHEMISTRY; PHYSICAL
CHEMISTRY.

chemoautotroph See AUTOTROPHIC NU-
TRITION; CHEMOSYNTHESIS.

chemoorganotroph An organism, es-
pecially a microorganism, that obtains its
energy by the oxidation of organic com-
pounds.

chemoreceptor A *receptor that de-
tects the presence of particular chemicals
and (in multicellular organisms) transmits
this information to sensory nerves. Exam-
ples include the *taste buds and the re-
ceptors in the *carotid body.

chemosynthesis A type of *autotro-
phic nutrition in which organisms (called
chemoautotrophs) synthesize organic ma-
terials using energy derived from the oxi-
dation of inorganic chemicals, rather than
from sunlight. Most chemoautotrophs are
bacteria, including Nitrosomonas, which
oxidizes ammonium to nitrite, and Thio-
bacillus, which oxidizes sulphur to sul-
phate.

chemosystematics See SYSTEMATICS.

chemotaxis See TAXIs.

chemotaxonomy The *classification of
plants and microorganisms based on simi-
larities and differences in their natural
products and the biochemical pathways
involved in their manufacture. See also
TAXONOMY.

chemotherapy The use of chemicals,
especially drugs, in the treatment of dis-
ease. The term is often used specifically to
denote drug therapy for cancer, as distinct
from treatments with radiation (radio-
therapy).

chemotropism The growth or move-
ment of a plant or plant part in response
to a chemical stimulus. An example is the
growth of a pollen tube down the style
during fertilization in response to the
presence of sugars in the style.

chernozem (black earth) A type of soil
that is characteristic of the continental in-
teriors of the mid-latitudes, in which
grassland formed the natural vegetation.
Chernozems occur across the Russian
steppes and parts of Romania and Hun-
gary; these soils also occur in North Amer-
ica. The deep surface layer (A horizon) of a
chernozem is black and rich in alkaline
humus derived from the decomposition
of the natural grassland vegetation. The
underlying horizon contains calcium car-
bonate concretions. Chernozems are im-
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portant agriculturally and most have been
ploughed up for cereal production.

chert See FLINT.

chiasma (pl. chiasmata) The point at
which paired *homologous chromosomes
remain in contact as they begin to sepa-
rate during the first prophase of *meiosis,
forming a cross shape. A number of chias-
mata can usually be identified and at
these points *crossing over occurs.

Chile saltpetre A commercial mineral
largely composed of *sodium nitrate from
the caliche deposits in Chile. Before the
ammonia-oxidation process for nitrates
most imported Chilean saltpetre was used
by the chemical industry; its principal use
today is as an agricultural source of nitro-
gen.

Chilopoda A class of terrestrial *arthro-
pods belonging to the phylum Uniramia
and comprising the centipedes, character-
ized by a distinct head bearing one pair of
poison jaws and 15-177 body segments,
each bearing one pair of similar legs. Cen-
tipedes are fast-moving predators. See also
MYRIAPODA.

chimaera An organism composed of tis-
sues that are genetically different. Chi-
maeras can develop if a *mutation occurs
in a cell of a developing embryo. All the
cells arising from it have the mutation
and therefore produce tissue that is genet-
ically different from adjacent tissue, e.g.
brown patches in otherwise blue eyes in
humans. *Graft hybrids are examples of
plant chimaeras.

china clay See kAOLIN.
Chinese white See ZINC OXIDE.
chip See SILICON CHIP.

chirality The property of existing in left-
and right-handed structural forms. See op-
TICAL ACTIVITY.

chirality element The part of a mol-
ecule that makes it exist in left- and right-
handed forms. In most cases this is a
chirality centre (i.e. an asymmetric atom).
In certain cases the element is a chirality
axis. For example, in allenenes of the type
R;R,C=C=CR4R, the C=C=C chain is a chi-
rality axis. Certain ring compounds may

display chirality as a result of a chirality
plane in the molecule.

Chiron A minor planet discovered in
1977. It has an orbit of 50.68 years that,
unlike other known minor planets, lies al-
most entirely outside that of Saturn. Its di-
ameter is uncertain, but appears to be of
the order of 300 km.

Chiroptera An order of flying mammals
comprising the bats. Their membranous
wings are supported by very elongated
forelimbs and digits and stretch along the
sides of the body to the hindlimbs and
tail. Whenever bats rest they allow their
body temperature to fall, hibernating in
winter when food is scarce. Most bats are
nocturnal; their ears are enlarged and spe-
cialized for *echolocation, which they use
to hunt prey and avoid obstacles. Bats
feed variously on insects, fruit, nectar, or
blood.

chi-squared test A procedure in
*statistics to test how well a frequency
distribution matches one predicted theo-
retically. Statistical tables are used to as-
sess the significance of the result obtained
by calculating % = ¥(0 - E)2[E, where O are
the observed frequencies and E are the
predicted frequencies.

chitin A *polysaccharide comprising
chains of N-acetyl-D-glucosamine, a deriva-
tive of glucose. Chitin is structurally very
similar to cellulose and serves to
strengthen the supporting structures of
various invertebrates. It also occurs in
fungi.

chloral See TRICHLOROETHANAL.

chloral hydrate See 2,2,2-TRICHLORO-
ETHANEDIOL.

chlorates Salts of the chloric acids; i.e.
salts containing the ions CIO™ (chlorate(I)
or hypochlorite), C10,™ (chlorate(III) or
chlorite), ClO;™ (chlorate(V)), or Cl10,~
(chlorate(VII) or perchlorate). When used
without specification of an oxidation state
the term ‘chlorate’ refers to a chlorate(V)
salt.

chlorenchyma *Parenchyma tissue that
contains chloroplasts and is photosyn-
thetic. Chlorenchyma makes up the meso-
phyll tissue of plant leaves and is also
found in the stems of certain plant
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species. Compare COLLENCHYMA (see
GROUND TISSUES); SCLERENCHYMA.

chloric acid Any of the oxoacids of chlo-
rine: *chloric(I) acid, *chloric(Ill) acid,
*chloric(V) acid, and *chloric(VII) acid.
The term is commonly used without
specification of the oxidation state of chlo-
rine to mean chloric(V) acid, HCIOs.

chloric(l) acid (hypochlorous acid) A lig-
uid acid that is stable only in solution,
HOCIL. It may be prepared by the reaction
of chlorine with an agitated suspension of
mercury(Il) oxide. Because the dispropor-
tionation of the ion CIO™ is slow at low
temperatures chloric(I) acid may be pro-
duced, along with chloride ions by the re-
action of chlorine with water at 0°C. At
higher temperatures disproportionation
to the chlorate(V) ion, ClO5", takes place.
Chloric(I) acid is a very weak acid but is a
mild oxidizing agent and is widely used as
a bleaching agent.

chloric(ll) acid (chlorous acid) A pale-
yellow acid known only in solution,
HCIO,. It is formed by the reaction of
chlorine dioxide and water and is a weak
acid and an oxidizing agent.

chloric(V) acid (chloric acid) A colour-
less unstable liquid, HCIOg; r.d. 1.2; m.p.
<-20°C; decomposes at 40°C. It is best pre-
pared by the reaction of barium chlorate
with sulphuric acid although chloric(V)
acid is also formed by the disproportiona-
tion of chloric(I) acid in hot solutions. It is
both a strong acid and a powerful oxidiz-
ing agent; hot solutions of the acid or its
salts have been known to detonate in con-
tact with readily oxidized organic ma-
terial.

chloric(VIl) acid (perchloric acid) An un-
stable liquid acid, HCIO; r.d. 1.76; m.p.
-112°C; b.p. 39°C (50 mmHg); explodes at
about 90°C at atmospheric pressure.
There is also a monohydrate (r.d. 1.88
(solid), 1.77 (liquid); m.p. 48°C; explodes at
about 110°C) and a dihydrate (r.d. 1.65;
m.p. -17.8°C; b.p. 200°C). Commercial
chloric(VII) acid is a water azeotrope,
which is 72.5% HClO,, boiling at 203°C.
The anhydrous acid may be prepared by
vacuum distillation of the concentrated
acid in the presence of magnesium per-
chlorate as a dehydrating agent.

Chloric(VII) acid is both a strong acid and
a strong oxidizing agent. It is widely used
to decompose organic materials prior to
analysis, e.g. samples of animal or veg-
etable matter requiring heavy-metal anal-
ysis.

chloride See HALIDE.

chloride shift The movement of chlo-
ride ions (Cl7) into red blood cells. Carbon
dioxide reacts with water to form car-
bonic acid in the red blood cells (see CAR-
BONIC ANHYDRASE). The carbonic acid
then dissociates into hydrogencarbonate
ions (HCO5") and hydrogen ions (H*). The
plasma membrane is relatively permeable
to negative ions. Therefore the hydrogen-
carbonate ions diffuse out of the cell into
the blood plasma, leaving the hydrogen
ions, which create a net positive charge;
this is neutralized by the diffusion of chlo-
ride ions from the plasma into the cell.

chlorinating agent A chemical reagent
that introduces chlorine atoms into a
compound or substitutes chlorine for
some other group. Examples include
phosphorus pentachloride, PCls, and sul-
phur dichloride oxide (thionyl chloride,
SOCL).

chlorination 1. A chemical reaction in
which a chlorine atom is introduced into
a compound. See HALOGENATION. 2. The
treatment of water with chlorine to disin-
fect it.

chlorine Symbol Cl. A *halogen el-
ement; a.n. 17; ra.m. 35.453; d. 3.214

g dm™; m.p. -100.98°C; b.p. -34.6°C. Itis a
poisonous greenish-yellow gas and occurs
widely in nature as sodium chloride in
seawater and as halite (NaCl), carnallite
(KC1.MgCl,.6H,0), and sylvite (KCl). It is
manufactured by the electrolysis of brine
and also obtained in the *Downs process
for making sodium. It has many ap-
plications, including the chlorination of
drinking water, bleaching, and the manu-
facture of a large number of organic
chemicals.

It reacts directly with many elements
and compounds and is a strong oxidizing
agent. Chlorine compounds contain the
element in the 1, 3, 5, and 7 oxidation
states. It was discovered by Karl Scheele in
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1774 and Humphry Davy confirmed it as
an element in 1810.

chlorine dioxide A yellowish-red ex-
plosive gas, ClO,; d. 3.09 g dm™; m.p.
-59.5°C; b.p. 9.9°C. It is soluble in cold
water but decomposed by hot water to
give chloric(VII) acid, chlorine, and oxy-
gen. Because of its high reactivity, chlo-
rine dioxide is best prepared by the
reaction of sodium chlorate and moist ox-
alic acid at 90°-100°C, as the product is
then diluted by liberated carbon dioxide.
Commercially the gas is produced by the
reaction of sulphuric acid containing chlo-
ride ions with sulphur dioxide. Chlorine
dioxide is widely used as a bleach in flour
milling and in wood pulping and also
finds application in water purification.

chlorine monoxide See DICHLORINE
OXIDE.

chlorite 1. See CHLORATES. 2. A group of
layered silicate minerals, usually green or
white in colour, that are similar to the
micas in structure and crystallize in the
monoclinic system. Chlorites are com-
posed of complex silicates of aluminium,
magnesium, and iron in combination
with water, with the formula
(Mg,AlFe),,(S1,Al)g0,(OH),6. They are
most common in low-grade metamorphic
rocks and also occur as secondary miner-
als in igneous rocks as alteration products
of pyroxenes, amphiboles, and micas. The
term is derived from chloros, the Greek
word for green.

chloroacetic acids See
CHLOROETHANOIC ACIDS.

chlorobenzene A colourless highly
flammable liquid, C¢HsCl; r.d. 1.106; m.p.
-45.43°C; b.p. 131.85°C. It is prepared by
the direct chlorination of benzene using a
halogen carrier (see FRIEDEL-CRAFTS REAC-
TION), or manufactured by the *Raschig
process. It is used mainly as an industrial
solvent.

2-chlorobuta-1,3-diene (chloroprene)
A colourless liquid chlorinated diene,
CH,:CCICH:CH,; r.d. 0.96; b.p. 59°C. It is
polymerized to make synthetic rubbers
(e.g. neoprene).

chloroethane (ethyl chloride) A colour-
less flammable gas, C,HsCl; m.p. -136.4°C;

b.p. 12.3°C. It is made by reaction of
ethene and hydrogen chloride and used in
making lead tetraethyl for petrol.

chloroethanoic acids (chloroacetic
acids) Three acids in which hydrogen
atoms in the methyl group of ethanoic
acid have been replaced by chlorine
atoms. They are: monochloroethanoic acid
(CH,CICOOH); dichloroethanoic acid
(CHCI,COOB); trichloroethanoic acid
(CC1;COOH). The presence of chlorine
atoms in the methyl group causes elec-
tron withdrawal from the COOH group
and makes the chloroethanoic acids
stronger acids than ethanoic acid itself.
The K, values (in moles dm™ at 25°C) are

CH,COOH 1.7 x 107
CH,CICOOH 1.3 x 1072
CHCI,COOH 5.0 x 102
CC1,COOH 2.3 x 107!

chloroethene (vinyl chloride) A gaseous
compound, CH,:CHC]; r.d. 0.911; m.p.
-153.8°C; b.p. -13.37°C. It is made by chlo-
rinating ethene to give dichloroethane,
then removing HCI:

C,H, + Cl, —» CH,CICH,Cl — CH,CHCI
The compound is used in making PVC.

chlorofluorocarbon (CFC) A type of
compound in which some or all of the
hydrogen atoms of a hydrocarbon (usually
an alkane) have been replaced by chlorine
and fluorine atoms (see HALOCARBONS).
Most chlorofluorocarbons are chemically
unreactive and are stable at high tempera-
tures. They are used as aerosol propel-
lants, refrigerants, and solvents, and in
the manufacture of rigid packaging foam.
A commonly encountered commercial
name for these compounds is freon; freon
12, for example, is dichlorodifluoro-
methane (CCLF,). Chlorofluorocarbons,
because of their chemical inertness, can
diffuse unchanged into the upper atmos-
phere. Here, photochemical reactions
cause them to break down and react with
ozone (see OZONE LAYER). For this reason,
their use has been discouraged. See also
POLLUTION.

chloroform See TRICHLOROMETHANE.

chloromethane (methyl chloride) A
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colourless flammable gas, CH;Cl; r.d.
0.916; m.p. -97.1°C; b.p. -24.2°C. Itis a
*haloalkane, made by direct chlorination
of methane and used as a local anaes-
thetic and refrigerant.

chlorophyll One of two pigments
(chlorophyll a and chlorophyll b) responsi-
ble for the green colour of most plants.
Chlorophyll molecules are the principal
sites of light absorption in the light-
dependent reactions of *photosynthesis.
They are magnesium-containing *por-
phyrins, chemically related to *cyto-
chrome and *haemoglobin. See also
BACTERIOCHLOROPHYLL.

Chlorophyta (green algae) A large phy-
lum of *algae, the members of which pos-
sess chlorophylls a and b, store food
reserves as starch, and have cellulose cell
walls. In these respects they resemble
plants more closely than do any of the
other algal phyla. The Chlorophyta are
widely distributed and diverse in form.
Unicellular forms may occur singly (some-
times with *flagella for motility) or in
colonies, while multicellular forms may
be filamentous (e.g. Spirogyra) or platelike
(e.g. Ulva).

chloroplast Any of the chlorophyll-
containing organelles (see PLASTID) that are
found in large numbers in those plant
cells undergoing *photosynthesis. Chloro-
plasts are typically lens-shaped and
bounded by a double membrane. They
contain membranous structures called
thylakoids, which are piled up into stacks
(see GRANUM), surrounded by a gel-like ma-
trix (stroma). The light-dependent reac-
tions of photosynthesis occur on the
thylakoid membranes, while the light-
independent reactions take place in the
stroma.

chloroplatinic acid A reddish crys-
talline compound, H,PtCls, made by dis-
solving platinum in aqua regia.

chloroprene See 2-CHLOROBUTA-1,3-
DIENE.

chlorosis The abnormal condition in
plant stems and leaves in which synthesis
of the green pigment chlorophyll is inhib-
ited, resulting in a pale yellow coloration.
This may be caused by lack of light, min-

eral deficiency, infection (particularly by
viruses), or genetic factors.

chlorosulphanes Sce DISULPHUR
DICHLORIDE.

chlorous acid See CHLORIC(IIT) ACID.

chloroxybacteria (grass-green bacteria)
See CYANOBACTERIA.

choanae (internal nares) See NARES.

choke A coil of wire with high induc-
tance and low resistance. It is used in
radio circuits to impede the passage of
audio-frequency or radio-frequency cur-
rents or to smooth the output of a rectify-
ing circuit.

choke damp See BLACKDAMP.
cholecalciferol See viTAMIN D.

cholecystokinin (CCK; pancreozymin) A
hormone, produced by the duodenal re-
gion of the small intestine, that induces
the gall bladder to contract and eject bile
into the intestine and stimulates the pan-
creas to secrete its digestive enzymes.
Cholecystokinin output is stimulated by
contact with the contents of the stomach.

cholesteric crystal See LIQUID CRYSTAL.

cholesterol A *sterol (see also STEROID)
occurring widely in animal tissues and
also in some plants and algae. It can exist
as a free sterol or esterified with a long-
chain fatty acid. Cholesterol is absorbed
through the intestine or manufactured in
the liver. It serves principally as a con-
stituent of blood plasma *lipoproteins
and of the lipid-protein complexes that
form plasma membranes. It is also impor-
tant as a precursor of various steroids, es-
pecially the bile acids, sex hormones, and
adrenocorticoid hormones. The derivative
7-dehydrocholesterol is converted to vita-
min D by the action of sunlight on skin.
Increased levels of dietary and blood
cholesterol have been associated with
atherosclerosis, a condition in which
lipids accumulate on the inner walls of ar-
teries and eventually obstruct blood flow.
It is now thought that this damage to
blood vessels is caused by high concentra-
tions of low-density lipoproteins in the
blood.

choline An amino alcohol,
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CH,0OHCH,N(CH3;);0H. It occurs widely in
living organisms as a constituent of cer-
tain types of phospholipids - the
*lecithins and sphingomyelins - and in
the neurotransmitter *acetylcholine. It is
sometimes classified as a member of the
*vitamin B complex.

cholinergic Describing a nerve fibre
that either releases *acetylcholine when
stimulated or is itself stimulated by acetyl-
choline. Compare ADRENERGIC.

cholinesterase (acetylcholinesterase)
An enzyme that hydrolyses the neuro-
transmitter *acetylcholine to choline and
acetate. Cholinesterase is secreted by
nerve cells at *synapses and by muscle
cells at *neuromuscular junctions.
Organophosphorus insecticides (see PESTI-
CIDE) act as *anticholinesterases by in-
hibiting the action of cholinesterase.

Chondrichthyes A class of vertebrates
comprising the fishes with cartilaginous
skeletons. The majority belong to the sub-
class Elasmobranchii (skates, rays, and
sharks - see SELACHII). Most cartilaginous
fishes are marine carnivores with power-
ful jaws. Unlike bony fishes, they have no
swim bladder, and therefore avoid sinking
only by constant swimming with the aid
of an asymmetrical (heterocercal) tail.
There is no operculum covering the gill
slits, the first of which is modified as a
*spiracle. Fertilization is internal so the
few eggs produced are consequently
yolky, large, and well-protected. Some car-
tilaginous fishes show viviparous develop-
ment of the young (see VIVIPARITY).

chondrin The matrix of *cartilage,
which is made up of chondrocytes embed-
ded in chondroitin sulphate.

chondrocyte Any of the cells that make
up the matrix of *cartilage.

Chordata A phylum of animals charac-
terized by a hollow dorsal nerve cord and,
at some stage in their development, a flex-
ible skeletal rod (the *notochord) and
*gill slits opening from the pharynx.
There are four subphyla: the Urochordata
(or Tunicata; sea squirts), Cephalochor-
data (lancelets), *Agnatha (jawless chor-
dates), and *Gnathostomata (jawed
chordates). In the Agnatha and Gnatho-
stomata, commonly known as vertebrates

or craniates, the notochord is present
only in the embryo or larva and becomes
replaced by the *vertebral column (back-
bone) before birth or metamorphosis. This
has permitted the vertebrates a greater
degree of movement and subsequent im-
provement in the sense organs and en-
largement of the brain, which is enclosed
in a skeletal case, the cranium.

In some classifications the two nonver-
tebrate subphyla are elevated to the status
of phyla and the jawed and jawless chor-
dates are included together in a third
phylum, Craniata, containing a single sub-
phylum, Vertebrata. The old subphyla
Agnatha and Gnathostomata are then
regarded as superclasses of the Vertebrata.

chorion 1. A membrane enclosing the
embryo, yolk sac, and allantois of reptiles,
birds, and mammals. In mammals a sec-
tion of the chorion becomes the embry-
onic part of the *placenta. See
EXTRAEMBRYONIC MEMBRANES. 2. The pro-
tective shell of an insect egg, produced by
the ovary. It is pierced by a small pore
(micropyle) that allows the entry of sper-
matozoa for fertilization. See also EGG MEM-
BRANE.

chorionic gonadotrophin See Gon-
ADOTROPHIN.

choroid A pigmented layer, rich in
blood vessels, that lies between the retina
and the sclerotic of the vertebrate eye. At
the front of the eye the choroid is mod-
ified to form the *ciliary body and the
*iris.

choroid plexus A membrane rich in
blood vessels that lines the *ventricles of
the brain. It is an extension of the *pia
mater and secretes *cerebrospinal fluid
into the ventricles; it also controls ex-
change of materials between the blood
and cerebrospinal fluid.

chromate A salt containing the ion
Cr0,*.

chromatic aberration See ABERRATION.

chromaticity An objective description
of the colour quality of a visual stimulus
that does not depend on its luminance

but which, together with its luminance,
completely specifies the colour. The col-



163

chrome alum

our quality is defined in terms of chro-
maticity coordinates, x,y, and z, where

x=X[X+Y+2Z)
y=Y/X+Y+2)
andz=Z|X+Y+Z)

X,Y, and Z are the tristimulus values of a
light, i.e. they are the amounts of three
reference stimuli needed to match exactly
the light under consideration in a trichro-
matic system.

chromatid A threadlike strand formed
from a *chromosome during the early
stages of cell division. Each chromosome
divides along its length into two chro-
matids, which are at first held together at
the centromere. They separate completely
at a later stage. The DNA of the chromo-
some reproduces itself exactly so that
each chromatid has the complete amount
of DNA and becomes a daughter chromo-
some with exactly the same genes as the
original chromosome from which it was
formed.

chromatin The substance of which eu-
karyotic *chromosomes are composed. It
consists of proteins (principally histones),
DNA, and small amounts of RNA and can
be observed microscopically in two forms.
In the *interphase of the cell cycle, chro-
matin is mainly in a condensed form,
heterochromatin, which stains densely
with basic stains and cannot undergo
transcription. During the *metaphase of
cell division most of the chromatin is in
an expanded, lighter staining form, eu-
chromatin, in which genes are available
for transcription.

chromatogram A record obtained by
chromatography. The term is applied to
the developed records of *paper chro-
matography and *thin-layer chromatogra-
phy and also to the graphical record
produced in *gas chromatography.

chromatography A technique for
analysing or separating mixtures of gases,
liquids, or dissolved substances. The origi-
nal technique (invented by the Russian
botanist Mikhail Tsvet (1872-1919) in
1906) is a good example of column chro-
matography. A vertical glass tube is
packed with an adsorbing material, such
as alumina. The sample is poured into the

column and continuously washed through
with a solvent (a process known as
elution). Different components of the
sample are adsorbed to different extents
and move down the column at different
rates. In Tsvet’s original application, plant
pigments were used and these separated
into coloured bands in passing down the
column (hence the name chromatogra-
phy). The usual method is to collect the
liquid (the eluate) as it passes out from
the column in fractions.

In general, all types of chromatography
involve two distinct phases - the station-
ary phase (the adsorbent material in the
column in the example above) and the
moving phase (the solution in the exam-
ple). The separation depends on competi-
tion for molecules of sample between the
moving phase and the stationary phase.
The form of column chromatography
above is an example of adsorption chro-
matography, in which the sample mol-
ecules are adsorbed on the alumina. In
partition chromatography, a liquid (e.g.
water) is first absorbed by the stationary
phase and the moving phase is an immis-
cible liquid. The separation is then by
*partition between the two liquids. In
ion-exchange chromatography (see ION EX-
CHANGE), the process involves com-
petition between different ions for ionic
sites on the stationary phase. *Gel filtra-
tion is another chromatographic tech-
nique in which the size of the sample
molecules is important.

See also GAS CHROMATOGRAPHY; HIGH-
PERFORMANCE LIQUID CHROMATOGRAPHY;
PAPER CHROMATOGRAPHY; R; VALUE; THIN-
LAYER CHROMATOGRAPHY.

chromatophore 1. A pigment-
containing cell found in the skin of many
lower vertebrates (e.g. chameleon) and in
the integument of crustaceans. Concentra-
tion or dispersion of the pigment granules
in the cytoplasm of the cell causes the
colour of the animal to alter to match its
surroundings. A common type of chro-
matophore is the melanophore, which
contains the pigment *melanin. 2. A
membrane-bound structure in photo-
synthetic bacteria that contains photo-
synthetic pigments.

chrome alum See POTASSIUM CHROMIUM
SULPHATE.
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chrome iron ore A mixed iron-
chromium oxide, FeO.Cr,0;, used to
make ferrochromium for chromium
steels.

chrome red A basic lead chromate,
PbO.PbCrO,, used as a red pigment.

chrome yellow Lead chromate,
PbCrO,, used as a pigment.

chromic acid A hypothetical acid,
H,CrO,, known only in chromate salts.

chromic anhydride See cHROMIUM(VI)
OXIDE.

chromic compounds Compounds con-
taining chromium in a higher (+3 or +6)
oxidation state; e.g. chromic oxide is
chromium(VI) oxide (CrOs).

chromite A spinel mineral, FeCr,0,; the
principal ore of chromium. It is black
with a metallic lustre and usually occurs
in massive form. It is a common con-
stituent of peridotites and serpentines.
The chief producing countries are Turkey,
South Africa, Russia, the Philippines, and
Zimbabwe.

chromium Symbol Cr. A hard silvery
*transition element; a.n. 24; r.a.m. 52.00;
r.d. 7.19; m.p. 1857°C; b.p. 2672°C. The
main ore is chromite (FeCr,0,). The metal
has a body-centred-cubic structure. It is
extracted by heating chromite with
sodium chromate, from which chromium
can be obtained by electrolysis. Alterna-
tively, chromite can be heated with car-
bon in an electric furnace to give
ferrochrome, which is used in making
alloy steels. The metal is also used as a
shiny decorative electroplated coating and
in the manufacture of certain chromium
compounds.

At normal temperatures the metal is
corrosion-resistant. It reacts with dilute
hydrochloric and sulphuric acids to give
chromium(Il) salts. These readily oxidize
to the more stable chromium(III) salts.
Chromium also forms compounds with
the +6 oxidation state, as in chromates,
which contain the CrO,2" ion. The el-
ement was discovered in 1797 by
Vauquelin.

chromium(ll) oxide A black insoluble
powder, CrO. Chromium(II) oxide is pre-
pared by oxidizing chromium amalgam

with air. At high temperatures hydrogen
reduces it to the metal.

chromium(lll) oxide (chromium
sesquioxide) A green crystalline water-
insoluble salt, Cr,03; r.d. 5.21; m.p.
2435°C; b.p. 4000°C. It is obtained by heat-
ing chromium in a stream of oxygen or by
heating ammonium dichromate. The in-
dustrial preparation is by reduction of
sodium dichromate with carbon.
Chromium(III) oxide is amphoteric, dis-
solving in acids to give chromium(IIl) ions
and in concentrated solutions of alkalis to
give chromites. It is used as a green pig-
ment in glass, porcelain, and oil paint.

chromium(lV) oxide (chromium diox-
ide) A black insoluble powder, CrO,;
m.p. 300°C. It is prepared by the action
of oxygen on chromium(VI) oxide or
chromium(IIl) oxide at 420-450°C and
200-300 atmospheres. The compound is
unstable.

chromium(VI) oxide (chromium triox-
ide; chromic anhydride) A red compound,
CrOs; rthombic; r.d. 2.70; m.p. 196°C. It
can be made by careful addition of con-
centrated sulphuric acid to an ice-cooled
concentrated aqueous solution of sodium
dichromate with stirring. The mixture is
then filtered through sintered glass,
washed with nitric acid, then dried at
120°C in a desiccator.

Chromium(VI) oxide is an extremely
powerful oxidizing agent, especially to or-
ganic matter; it immediately inflames
ethanol. It is an acidic oxide and dissolves
in water to form ‘chromic acid’, a power-
ful oxidizing agent and cleansing fluid for
glassware. At 400°C, chromium(VI) oxide
loses oxygen to give chromium(IIl) oxide.

chromium potassium sulphate A red
crystalline solid, K,SO,.Cr,(SO,);.24H,0;
r.d. 1.91. It is used as a mordant. See also
ALUMS.

chromium sesquioxide Sece
CHROMIUM(III) OXIDE.

chromium steel Any of a group of
*stainless steels containing 8-25% of
chromium. A typical chromium steel
might contain 18% of chromium, 8% of
nickel, and 0.15% of carbon. Chromium
steels are highly resistant to corrosion and
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are used for cutlery, chemical plant, ball
bearings, etc.

chromophore A group causing col-
oration in a *dye. Chromophores are gen-
erally groups of atoms having delocalized
electrons.

chromoplast Any of various pigment-
containing *plastids in plant cells. Red, or-
ange, and yellow chromoplasts contain
carotenoid pigments and are responsible
for the coloration of fruits and flowers. See
also PLASTOGLOBULUS. Compare CHLORO-
PLAST; LEUCOPLAST.

chromosome A threadlike structure
several to many of which are found in the
nucleus of plant and animal (eukaryotic)
cells. Chromosomes are composed of
*chromatin and carry the *genes in a lin-
ear sequence; these determine the indi-
vidual characteristics of an organism.
When the nucleus is not dividing, individ-
ual chromosomes cannot be identified
with a light microscope. During the first
stage of nuclear division, however, the
chromosomes contract and, when stained,
can be clearly seen under a microscope.
Each consists of two *chromatids held to-
gether at the *centromere (see also
MEIOSIS; MITOSIS). The number of chromo-
somes in each cell is constant for and
characteristic of the species concerned. In
the normal body cells of *diploid organ-
isms the chromosomes occur in pairs (see
HOMOLOGOUS CHROMOSOMES); in the
gamete-forming germ cells, however, the
diploid number is halved and each cell
contains only one member of each chro-
mosome pair. Thus in man each body cell
contains 46 chromosomes (22 matched
pairs and one pair of *sex chromosomes)
and each germ cell 23. Abnormalities in
the number or structure of chromosomes
may give rise to abnormalities in the indi-
vidual; *Down’s syndrome is the result of
one such abnormality. See CHROMOSOME
MUTATION.

Bacterial and viral cells contain only a
single chromosome; it differs from the eu-
karyotic chromosome in being much sim-
pler, lacking histones and consisting
simply of a single or double strand of
DNA or (in some viruses) RNA. See also AR-
TIFICIAL CHROMOSOME.

chromosome map Any plan that

shows the positions of genes, genetic
markers, or other landmarks along the
length of a chromosome. There are essen-
tially two complementary types of map:
*linkage maps, which give the relative po-
sitions of genetic sites (loci) determined
by studies of how frequently recombina-
tion occurs between the loci; and *physi-
cal maps, which show the arrangement of
the chromosomal material. Accumulated
data for the chromosomes of many
species of organism are now held in
databases and available freely via the
Internet for geneticists and others world-
wide.

chromosome mutation A change in
the gross structure of a chromosome,
which usually causes severely deleterious
effects in the organism. Chromosome mu-
tations often occur due to an error in pair-
ing during the *crossing over stage of
meiosis. The main types of chromosome
mutation include *translocation, *dupli-
cation, *deletion, and *inversion. Compare
POINT MUTATION. See also MUTATION.

chromosphere The layer of the *sun’s
atmosphere immediately above the
*photosphere. The chromosphere is nor-
mally only visible when the photosphere
is totally eclipsed by the moon. The chro-
mosphere is about 10 000 kilometres
thick and the temperature in it rises from
4000 K, where it merges with the photo-
sphere, to about 50 000 K, where it
reaches the transition region below the
*corona.

chromous compounds Compounds
containing chromium in its lower (+2) oxi-
dation state; e.g. chromous chloride is
chromium(II) chloride (CrCl,).

chromyl chloride (chromium oxychlo-
ride) A dark red liquid, CrO,Cl,; r.d.
1.911; m.p. -96.5°C; b.p. 117°C. It is
evolved as a dark-red vapour on addition
of concentrated sulphuric acid to a mix-
ture of solid potassium dichromate and
sodium chloride; it condenses to a dark-
red covalent liquid, which is immediately
hydrolysed by solutions of alkalis to give
the yellow chromate. Since bromides and
iodides do not give analogous compounds
this is a specific test for chloride ions. The
compound is a powerful oxidizing agent,
exploding on contact with phosphorus



chronology protection conjecture

166

and inflaming sulphur and many organic
compounds.

chronology protection conjecture A
conjecture put forward by Stephen
*Hawking in the early 1990s that asserts
that the fundamental laws of physics
should forbid time travel. There is some
theoretical evidence in favour of this idea.

chrysalis See pUPA.
chrysotile See SERPENTINE.

chyle A milky fluid consisting of *lymph
that contains absorbed food materials (es-
pecially emulsified fats). Most chyle occurs
in the lymphatic ducts (*lacteals) in the
*villi of the small intestine during the ab-
sorption of fat.

chyme The semisolid and partly di-
gested food that is discharged from the
stomach into the duodenum.

chymosin See RENNIN.

chymotrypsin An *endopeptidase en-
zyme in pancreatic juice that is secreted
into the duodenum. The enzyme is se-
creted as an inactive precursor, chymo-
trypsinogen, which is activated by
another pancreatic protease, *trypsin.

chymotrypsinogen See CHYMOTRYPSIN.

ciliary body The circular band of tissue
surrounding and supporting the *lens of
the vertebrate eye. It contains the ciliary
muscles, which bring about changes in
the shape of the lens (see also ACCOMMODA-
TION). The ciliary body produces the
*aqueous humour.

ciliary feeding A method of feeding
used by lancelets and many other aquatic
invertebrates. The movement of cilia
causes a current of water to be drawn to-
wards and through the animal, and micro-
organisms in the water are filtered out by
the cilia.

ciliary muscle See cILiarY BODY.

cilium A short minute hairlike structure
(up to 10 um long) present on the surface
of many cells, notably in certain proto-
zoans and some types of vertebrate *epi-
thelium. Cilia usually occur in large
groups. Beating of cilia can produce cell
movement or create a current in fluid sur-
rounding a cell. Cilia and eukaryotic flag-

ella have the same structure and are col-
lectively called undulipodia (see UNDULI-
PODIUM).

cinnabar A bright red mineral form of
mercury(Il) sulphide, HgS, crystallizing in
the hexagonal system; the principal ore of
mercury. It is deposited in veins and im-
pregnations near recent volcanic rocks
and hot springs. The chief sources include
Spain, Italy, and Yugoslavia.

cinnamic acid (3-phenylpropenoic acid)
A white crystalline aromatic *carboxylic
acid, CgHsCH:CHCOOH; r.d. 1.248 (trans
isomer); m.p. 135-136°C; b.p. 300°C. Es-
ters of cinnamic acid occur in some essen-
tial oils.

CIP system (Cahn-Ingold-Prelog system)
A system for the unambiguous description
of stereoisomers used in the R-S conven-
tion (see ABSOLUTE CONFIGURATION) and in
the *E-Z convention. The system involves
a sequence rule for determining a conven-
tional order of ligands. The rule is that the
atom bonded directly to the chiral centre
or double bond is considered and the lig-
and in which this atom has the highest
proton number takes precedence. So, for
example, I takes precedence over CI. If
two ligands have bonding atoms with the
same proton number, then substituents
are taken into account (with the sub-
stituent of highest proton number taking
precedence). Thus, -C,H;s has a higher
precedence than -CHj. If a double (or
triple) bond occurs to a substituent, then
the substituent is counted twice (or three
times). An isotope of high nucleon num-
ber takes precedence over one of lower
nucleon number. Hydrogen always has
lowest priority in this system. For exam-
ple, the sequence for some common lig-
ands is I, Br, Cl, SO;H, OCOCH;, OCH3,
OH, NO,, NH,, COOCH3, CONH,, COCH3,
CHO, CH,0H, C¢Hs, C,Hs, CH3, H. The sys-
tem was jointly developed by the British
chemists Robert Sidney Cahn (1899-1981)
and Sir Christopher Kelk Ingold (1893-
1970) and the Bosnian-Swiss chemist
Vladimir Prelog (1906- ).

circadian rhythm (diurnal rhythm) Any
24-hour periodicity in the behaviour or
physiology of animals or plants. Examples
are the sleep/activity cycle in many ani-
mals and the growth movements of
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plants. Circadian rhythms are generally
controlled by *biological clocks.

circle A closed curve every point on
which is a fixed distance (the radius) from
a point (the centre) within the curve (see
illustration). The diameter is a line that
joins two points on the circumference and
passes through the centre: the diameter is
twice the radius (r). The circumference of
a circle is equal to 2nr; the area is nr?,
where © is a constant with the value
3.141 592. In analytical geometry the
equation of a circle, centred at the origin,

circumference sector

centre M
O

diameter

tangent

segment

secant

A circle

circular measure A method of measur-
ing angles by treating them as the angle
formed by a sector of a circle at the cir-
cle’s centre. The unit of measure is the ra-
dian, the angle subtended at the centre of
a circle by an arc of equal length to the ra-
dius. Since an arc of length r subtends an
angle of 1 radian, the whole circumfer-
ence, length 2xr, will subtend an angle of
2mrfr = 21 radians. Thus, 360° = 27 radians;
1 radian = 57.296°.

circular polarization See POLARIZATION
OF LIGHT.

circulation The mass flow of fluid (e.g.
blood or lymph) through the tissues and
organs of an animal, allowing the trans-
port and exchange of such materials as
oxygen, nutrients, and waste products (see
also VASCULAR SYSTEM; LYMPHATIC SYSTEM).
Smaller animals (e.g. arthropods and most

molluscs) have an open circulation, i.e. the
blood is pumped into the body cavity, in
which the internal organs are suspended.
In open circulatory systems the tissues are
in direct contact with the blood and ma-
terials are exchanged directly by diffu-
sion. In a closed circulation, found in
larger animals, the blood flows in vessels,
which usually contain a series of one-way
valves to maintain the flow in one direc-
tion. See also DOUBLE CIRCULATION; SINGLE
CIRCULATION.

circulatory system The heart, blood
vessels, blood, lymphatic vessels, and
lymph, which together serve to transport
materials throughout the body. See also
DOUBLE CIRCULATION; SINGLE
CIRCULATION; VASCULAR SYSTEM.

circumnutation See NUTATION.

cirque A steep semicircular hollow
formed high on a mountain slope by the
erosive action of a glacier. Many cirques
fill with water to form lakes (called tarns).
In Britain cirques are also called corries or
cwms.

cis-isomer See ISOMERISM.

cisplatin A platinum complex, cis-
[PtCl,(NHj3),], used in cancer treatment to
inhibit the growth of tumours. It acts by
binding between strands of DNA.

cis-trans isomerism See ISOMERISM.
citrate A salt or ester of citric acid.

citric acid A white crystalline hydroxy-
carboxylic acid, HOOCCH,C(OH)-
(COOH)CH,COOH; r.d. 1.54; m.p. 153°C. It
is present in citrus fruits and is an inter-
mediate in the *Krebs cycle in plant and
animal cells.

citric-acid cycle See KREBS CYCLE.
CJD See CREUTZFELDT-JAKOB DISEASE.

cladding 1. A thin coating of an expen-
sive metal rolled on to a cheaper one.

2. A thin covering of a metal around a
fuel element in a nuclear reactor to pre-
vent corrosion of the fuel elements by the
coolant.

clade A group of organisms that share a
common ancestor. See CLADISTICS.

cladistics A method of classification in
which animals and plants are placed into
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taxonomic groups called clades strictly ac-
cording to their evolutionary relation-
ships. These relationships are deduced on
the basis of certain shared *homologous
characters that are thought to indicate
common ancestry (se¢e MONOPHYLETIC). Im-
plicit in this is the assumption that two
new species are formed suddenly, by split-
ting from a common ancestor, and not by
gradual evolutionary change. A diagram
indicating these relationships (called a
cladogram) therefore consists of a system
of dichotomous branches: each point of
branching represents divergence from a
common ancestor, as shown in the dia-
gram. Thus the species A to F form a clade
as they share the common ancestor X, and
species A to D form a clade of a different
taxonomic rank, sharing the ancestor X,.
Species C to F do not form a clade, since
the latter must include all the descendants
of a common ancestor.

ancestor
XZ

ancestor
X1

SR

ancestor

|

A cladogram showing the relationships of six species
(A-F)

cladode A flattened stem or internode
that resembles and functions as a leaf. It
is an adaptation to reduce water loss,
since it contains fewer *stomata than a
leaf. An example of a plant with cladodes
is asparagus.

cladogram See cLADISTICS.
Claisen condensation A reaction of es-

ters in which two molecules of the ester
react to give a keto ester, e.g.

2CH;COOR — CH3COCH,COOR + ROH
The reaction is catalysed by sodium ethox-
ide, the mechanism being similar to that

of the *aldol reaction. It is named after
Ludwig Claisen (1851-1930).

Clapeyron-Clausius equation A dif-
ferential equation that describes the rela-
tionship between variables when there is
a change in the state of a system. In a sys-
tem that has two *phases of the same sub-
stance, for example solid and liquid, heat
is added or taken away very slowly so that
one phase can change reversibly into the
other while the system remains at equilib-
rium. If the two phases are denoted A and
B, the Clapeyron-Clausius equation is:

dp/dT = L[T(Vy-Va),

where p is the pressure, T is the *thermo-
dynamic temperature, L is the heat ab-
sorbed per mole in the change from A to
B, and Vg and V,, are the volumes of B and
A respectively. In the case of a transition
from liquid to vapour, the volume of the
liquid can be ignored. Taking the vapour
to be an *ideal gas, the Clapeyron-
Clausius equation can be written:

dlog.p | dT = L|RT~

The Clapeyron-Clausius equation is
named after the French engineer Benoit-
Pierre-Emile Clapeyron (1799-1864) and
Rudolf Clausius.

Clark cell A type of *voltaic cell consist-
ing of an anode made of zinc amalgam
and a cathode of mercury both immersed
in a saturated solution of zinc sulphate.
The Clark cell was formerly used as a
standard of e.m.f;; the em.f. at 15°C is
1.4345 volts. It is named after the British
scientist Hosiah Clark (d. 1898).

Clark process See HARDNESS OF WATER.

class A category used in the *classifica-
tion of organisms that consists of similar
or closely related orders. Similar classes
are grouped into a phylum. Examples in-
clude Mammalia (mammals), Aves (birds),
and Dicotyledoneae (dicots).

classical field theory A theory that de-
scribes a *field in terms of *classical
physics rather than *quantum mechanics.
Examples of classical field theories in-
clude classical *electrodynamics, de-
scribed by *Maxwell’s equations, and the
general theory of *relativity, describing
classical gravitation. A classical field
theory emerges as a limit of the corre-
sponding *quantum field theory. In order
for a classical field theory to apply on a
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macroscopic scale it is necessary for the
interactions to be long range, as they are
in electrodynamics and gravitation, rather
than short range, as in nuclear forces.
Classical field theory is also used for math-
ematical convenience to describe the
physics of continuous media, such as
fluids.

classical physics Theoretical physics
up to approximately the end of the 19th
century, before the concepts of *quantum
theory (1900) and special *relativity
(1905). Classical physics relied largely on
Newton’s mechanics and James Clerk
Maxwell’s theory of electromagnetism. It
may still be applied with high precision to
large-scale phenomena involving no very
rapid relative motion.

classification The arrangement of or-
ganisms into a series of groups based on
physiological, biochemical, anatomical, or
other relationships. An artificial classifica-
tion is based on one or a few characters
simply for ease of identification or for a
specific purpose; for example, birds are
often arranged according to habit and
habitat (seabirds, songbirds, birds of prey,
etc.) while fungi may be classified as edi-
ble or poisonous. Such systems do not
reflect evolutionary relationships. A natu-
ral classification is based on resemblances
and is a hierarchical arrangement. The
smallest group commonly used is the
*species. Species are grouped into genera
(see GENUS), the hierarchy continuing up
through *tribes, *families, *orders,
*classes, and phyla (see PHYLUM) to *king-
doms and - in some systems - *domains.
(In traditional systems of plant classifica-
tion the phylum was replaced by the *di-
vision.) Higher up in the hierarchy the
similarities between members of a group
become fewer. Present-day natural
classifications try to take into account as
many features as possible and in so doing
aim to reflect evolutionary relationships
(see cLADISTICS). Natural classifications are
also predictive. Thus if an organism is
placed in a particular genus because it
shows certain features characteristic of
the genus, then it can be assumed it is
very likely to possess most (if not all) of
the other features of that genus. See also
BINOMIAL NOMENCLATURE; TAXONOMY.

clastic rock A rock composed of frag-
ments (clasts) of other older rocks or their
minerals. The fragments, generally the
products of erosion, may vary in size from
large boulders to the tiny particles in silt.
They have often been transported from
their previous location, and are com-
monly found as sedimentary rocks along
coastlines. Typical consolidated clastic
rocks include sandstone and shale.

clathrate A solid mixture in which
small molecules of one compound or el-
ement are trapped in holes in the crystal
lattice of another substance. Clathrates
are sometimes called enclosure com-
pounds or cage compounds, but they are
not true compounds (the molecules are
not held by chemical bonds). Quinol and
ice both form clathrates with such sub-
stances as sulphur dioxide and xenon.

Claude process A process for liquefy-
ing air on a commercial basis. Air under
pressure is used as the working substance
in a piston engine, where it does external
work and cools adiabatically. This cool air
is fed to a counter-current *heat ex-
changer, where it reduces the tempera-
ture of the next intake of high-pressure
air. The same air is recompressed and
used again, and after several cycles even-
tually liquefies. The process was perfected
in 1902 by the French scientist Georges
Claude (1870-1960).

claudetite A mineral form of
*arsenic(Ill) oxide, As,Os.

Clausius, Rudolf Julius Emmanuel
(1822-88) German physicist, who held
teaching posts in Berlin and Zurich, be-
fore going to Wiirzburg in 1869. He is
best known for formulating the second
law of *thermodynamics in 1850, inde-
pendently of William Thomson (Lord
*Kelvin). In 1865 he introduced the con-
cept of *entropy, and later contributed to
electrochemistry and electrodynamics.

Clausius-Mossotti equation A rela-
tion between the *polarizability o of a
molecule and the dielectric constant € of a
dielectric substance made up of molecules
with this polarizability. The Clausius-
Mossotti equation can be written in the
form o = (3/4nN)/[(e - 1)/(e - 2)], where N is
the number of molecules per unit volume.
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The equation provides a link between a
microscopic quantity (the polarizability)
and a macroscopic quantity (the dielectric
constant); it was derived using macro-
scopic electrostatics by the Italian physi-
cist Ottaviano Fabrizio Mossotti (1791~
1863) in 1850 and independently by
Rudolf Clausius in 1879. It works best for
gases and is only approximately true for
liquids or solids, particularly if the dielec-
tric constant is large. Compare LORENTZ-
LORENZ EQUATION.

Claus process A process for obtaining
sulphur from hydrogen sulphide (from
natural gas or crude oil). It involves two
stages. First, part of the hydrogen sul-
phide is oxidized to sulphur dioxide: 2H,S
+ 30, — 2SO, + 2H,0. Subsequently, the
sulphur dioxide reacts with hydrogen sul-
phide to produce sulphur: SO, + 2H,S —
3S + 2H,0. The second stage occurs at
300°C and needs an iron or aluminium
oxide catalyst.

clavicle A bone that forms part of the
*pectoral (shoulder) girdle, linking the
*scapula (shoulder blade) to the sternum
(breastbone). In man it forms the collar
bone and serves as a brace for the shoul-
ders.

clay A fine-grained deposit consisting
chiefly of *clay minerals. It is characteris-
tically plastic and virtually impermeable
when wet and cracks when it dries out. In
geology the size of the constituent parti-
cles is usually taken to be less than

1/256 mm. In soil science clay is regarded
as a soil with particles less than 0.002 mm
in size.

clay minerals Very small particles,
chiefly hydrous silicates of aluminium,
sometimes with magnesium and/or iron
substituting for all or part of the alu-
minium, that are the major constituents
of clay materials. The particles are essen-
tially crystalline (either platy or fibrous)
with a layered structure, but may be
amorphous or metalloidal. The clay min-
erals are responsible for the plastic prop-
erties of clay; the particles have the
property of being able to hold water. The
chief groups of clay minerals are:
kaolinite, A1,Si,0,4(OH)g, the chief con-
stituent of *kaolin;

halloysite, Al,Si,(OH)30,,.4H,0;

illite, KAl,(Si,Al)3045.2H,0;
montmorillonite,

(Na,Ca) 33(A1,Mg),514010(OH),.nH,0,

formed chiefly through alteration of vol-
canic ash;
vermiculite,

(Mg, Fe,Al)3(ALSi),0,,(OH),.4H,0,

used as an insulating material and potting
soil.

cleavage 1. (in embryology) The series
of cell divisions by which a single fer-
tilized egg cell is transformed into a
multicellular body, the *blastula. Char-
acteristically no growth occurs during
cleavage, the shape of the embryo is un-
changed except for the formation of a
central cavity (the blastocoel), and the
ratio of nuclear material (DNA) to cyto-
plasm increases. 2. (in crystallography)
The splitting of a crystal along planes of
atoms in the lattice.

Clemmensen reduction A method of
reducing a *carbonyl group (C=0) to CH,,
using zinc amalgam and concentrated hy-
drochloric acid. It is used as a method of
ascending a homologous series. The reac-
tion is named after Erik Clemmensen
(1876-1941).

climate The characteristic pattern of
weather elements in an area over a pe-
riod. The main weather elements include
temperature, precipitation, humidity,
solar insolation, and wind. The climate of
a large area is determined by several cli-
matic controls: (1) the latitude of the area,
which accounts for the amount of solar
radiation it receives; (2) the distribution of
land and sea masses; (3) the altitude and
topography of the area; and (4) the loca-
tion of the area in relation to the ocean
currents. Climates may be classified into
groups; the classification devised by the
meteorologist Vladimir Kdppen (1846-
1940) in 1918, with subsequent modifica-
tions, is the most frequently used today.
The scientific study of climate is climatol-
ogy.

climate change A long-term change in
the elements of climate, such as tempera-
ture, precipitation, wind, and pressure,
measured over a period of time of at least
several decades. Throughout the geologi-
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cal history of the earth there have been
periodic fluctuations between warmer and
cooler periods on a wide range of time
scales. The causes of climate change are
complex. Factors include the external pro-
cesses of variations of solar emissions,
variations of the earth’s orbit, volcanic
eruptions, mountain building, and tec-
tonic movements; anthropogenic (human-
induced) processes include the increase of
greenhouse gases as a result of activities
that include the burning of fossil fuels,
changes in land use, and the emission of
aerosols. Internal processes, natural inter-
actions within the climate system, are
also factors. The term climate change is
also used synonymously with *global
warming.

climax community A relatively stable
ecological *community that is achieved at
the end of a *succession.

cline A gradual variation in the charac-
teristics of a species or population over its
geographical range. It occurs in response
to varying environmental factors, such as
soil type or climate.

clinostat A mechanical device that ro-
tates whole plants (usually seedlings), so
removing the effect of any stimulus that
normally acts in one particular direction.
It is most often used to study the growth
of plant organs when the influence of
gravity has been removed.

clitoris An erectile rod of tissue in fe-
male mammals (and also some reptiles
and birds) that is the equivalent of the
male penis. It lies in front of the *urethra
and *vagina.

cloaca The cavity in the pelvic region
into which the terminal parts of the ali-
mentary canal and the urinogenital ducts
open in most vertebrates. Placental mam-
mals, however, have a separate anus and
urinogenital opening.

clock reaction See OSCILLATING REAC-
TION.

clonal selection theory A theory ex-
plaining how the cells of the immune sys-
tem produce large quantities of the right
antibody at the right time, i.e. when the
appropriate antigen is encountered. It pro-
poses that there is a pre-existing pool of

lymphocytes (*B cells) consisting of nu-
merous small subsets. Each subset carries
a unique set of surface antibody mol-
ecules with its own particular binding
characteristics. If a cell encounters and
binds the corresponding antigen it is ‘se-
lected’ - stimulated to divide repeatedly
and produce a large clone of identical
cells, all secreting the antibody. The in-
volvement of helper T cells (see T CELL) is
essential for activation of the B cell.

clone 1. A group of cells, an organism,
or a population of organisms arising from
a single ancestral cell. All members of a
particular clone are genetically identical.
In nature clones are produced by asexual
reproduction, for example by the forma-
tion of bulbs and tubers in plants or by
*parthenogenesis in certain animals. New
techniques of cell manipulation and tissue
culture have enabled the cloning of many
plants and some animals. A wide range of
commercially important plant species, in-
cluding potatoes, tulips, and certain forest
trees, are now cloned by *micropropaga-
tion, resulting in more uniform crops.
Cloning in animals is more complex, but
has been accomplished successfully in
several species. The first mammal to be
cloned experimentally from the body cell
of an adult was a sheep (‘Dolly’) born in
1997. The nucleus containing DNA was
extracted from an udder cell (which had
been deprived of nutrients) and inserted
into an ‘empty’ egg cell (from which the
nucleus had been removed) using the
technique of *nuclear transfer. This re-
constituted egg cell was then stimulated
to divide by an electric shock and im-
planted into the uterus of a surrogate
mother ewe, which subsequently gave
birth to a clone of the original sheep. This
breakthrough offered the prospect of pro-
ducing exact replicas of animals with cer-
tain genetically engineered traits, for
example to manufacture drugs in their
milk or provide organs for human trans-
plantation. 2. (gene clone) An exact
replica of a gene. See GENE CLONING.

cloning vector See VECTOR.
closed chain See CHAIN; RING.

close packing The packing of spheres
S0 as to occupy the minimum amount of
space. In a single plane, each sphere is
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surrounded by six close neighbours in a
hexagonal arrangement. The spheres in
the second plane fit into depressions in
the first layer, and so on. Each sphere has
12 other touching spheres. There are two
types of close packing. In hexagonal close
packing the spheres in the third layer are
directly over those in the first, etc., and
the arrangement of planes is ABAB.... In
cubic close packing the spheres in the
third layer occupy a different set of de-
pressions than those in the first. The ar-
rangement is ABCABC.... See also CUBIC
CRYSTAL.

closo-structure See BORANE.

clotting factors (coagulation factors) A
group of substances present in blood
plasma that, under certain circumstances,
undergo a series of chemical reactions
leading to the conversion of blood from a
liquid to a solid state (see BLOOD CLOTTING).
Although they have specific names, most
coagulation factors are referred to by an
agreed set of Roman numerals (e.g. *Fac-
tor VIII, Factor IX). Lack of any of these
factors in the blood results in the inability
of the blood to clot. See also HAEMOPHILIA.

cloud A mass of minute water droplets
or ice crystals held in suspension in the
atmosphere that appears as an opaque
drifting body. The droplets or crystals are
formed by the condensation of water
vapour in the atmosphere in the presence
of condensation nuclei - minute particles,
such as smoke or salt. A number of cloud
classifications have been devised; that
most commonly used is based on cloud
appearance and height. The high clouds
(above 5000 metres) comprise cirrocumu-
lus, cirrostratus, and cirrus (mares’ tails)
clouds; the medium clouds (approxi-
mately 2000-5000 metres) comprise al-
tocumulus and altostratus; and the low
clouds (below 2000 metres) are nimbostra-
tus, stratocumulus, and stratus. Some
clouds with great vertical development
cannot be confined to these height cat-
egories; these are cumulus and cumulo-
nimbus clouds.

cloud chamber A device for making
visible the paths of particles of *ionizing
radiation. The Wilson (expansion) cloud
chamber consists of a container contain-
ing air and ethanol vapour, which is

cooled suddenly by adiabatic expansion,
causing the vapour to become supersatu-
rated. The excess moisture in the vapour
is then deposited in drops on the tracks of
ions created by the passage of the ionizing
radiation. The resulting row of droplets
can be photographed. If the original mov-
ing particle was being deflected by electric
or magnetic fields, the extent of the
deflection provides information on its
mass and charge. This device was in-
vented in 1911 by C. T. R. Wilson.

A simpler version of this apparatus is
the diffusion cloud chamber, developed by
Cowan, Needels, and Nielsen in 1950, in
which supersaturation is achieved by plac-
ing a row of felt strips soaked in a suitable
alcohol at the top of the chamber. The
lower part of the chamber is cooled by
solid carbon dioxide. The vapour continu-
ously diffuses downwards, and that in the
centre (where it becomes supersaturated)
is almost continuously sensitive to the
presence of ions created by the radiation.

clubmoss See LYCOPHYTA.

Clusius column A device for separating
isotopes by *thermal diffusion. One form
consists of a vertical column some 30 me-
tres high with a heated electric wire run-
ning along its axis. The lighter isotopes in
a gaseous mixture of isotopes diffuse
faster than the heavier isotopes. Heated
by the axial wire, and assisted by natural
convection, the lighter atoms are carried
to the top of the column, where a fraction
rich in lighter isotopes can be removed
for further enrichment.

cluster See GALAXY CLUSTER; STAR CLUS-
TER.

cluster compound A compound in
which groups of metal atoms are joined
together by metal-metal bonds. The for-
mation of such compounds is a feature of
the chemistry of certain transition el-
ements, particularly molybdenum and
tungsten, but also vanadium, tantalum,
niobium, and uranium. Isopoly com-
pounds are ones in which the cluster
contains atoms of the same element;
heteropoly compounds contain a mixture
of different elements.

cluster of differentiation Sec cp.

Cnidaria A phylum of aquatic inverte-
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brates (sometimes known as coelenter-
ates) that includes Hydra, jellyfish, sea
anemones, and *corals. A cnidarian’s body
is *diploblastic, with two cell layers of the
body wall separated by *mesoglea, and
shows *radial symmetry. The body cavity
(gastrovascular cavity) is sac-shaped, with
one opening acting as both mouth and
anus. This opening is surrounded by ten-
tacles bearing *thread cells. Cnidarians
exist both as free-swimming *medusae
(e.g. jellyfish) and as sedentary *polyps.
The latter may be colonial (e.g. corals) or
solitary (e.g. sea anemones and Hydra). In
many cnidarians the life cycle alternates
between these two forms (see ALTERNA-
TION OF GENERATIONS).

cnidoblast See THREAD CELL.
CNS Sece CENTRAL NERVOUS SYSTEM.
COA See COENZYME A.

coacervate An aggregate of macro-
molecules, such as proteins, lipids, and
nucleic acids, that form a stable *colloid
unit with properties that resemble living
matter. Many are coated with a lipid
membrane and contain enzymes that are
capable of converting such substances as
glucose into more complex molecules,
such as starch. Coacervate droplets arise
spontaneously under appropriate condi-
tions and may have been the prebiological
systems from which living organisms orig-
inated.

coadaptation The mutual adaptation of
two species that occurs during *coevolu-
tion.

coagulation The process in which col-
loidal particles come together irreversibly
to form larger masses. Coagulation can be
brought about by adding ions to change
the ionic strength of the solution and thus
destabilize the colloid (see FLOCCULATION).
Ions with a high charge are particularly
effective (e.g. alum, containing AI*", is
used in styptics to coagulate blood). An-
other example of ionic coagulation is in
the formation of river deltas, which oc-
curs when colloidal silt particles in rivers
are coagulated by ions in sea water. Alum
and iron (III) sulphate are also used for co-
agulation in sewage treatment. Heating is
another way of coagulating certain col-

loids (e.g. boiling an egg coagulates the al-
bumin). See also BLOOD CLOTTING.

coal A brown or black carbonaceous de-
posit derived from the accumulation and
alteration of ancient vegetation, which
originated largely in swamps or other
moist environments. As the vegetation de-
composed it formed layers of peat, which
were subsequently buried (for example,
by marine sediments following a rise in
sea level or subsidence of the land). Under
the increased pressure and resulting
higher temperatures the peat was trans-
formed into coal. Two types of coal are
recognized: humic (or woody) coals, de-
rived from plant remains; and sapropelic
coals, which are derived from algae,
spores, and finely divided plant material.

As the processes of coalification (i.e. the
transformation resulting from the high
temperatures and pressures) continue,
there is a progressive transformation of
the deposit: the proportion of carbon rela-
tive to oxygen rises and volatile sub-
stances and water are driven out. The
various stages in this process are referred
to as the ranks of the coal. In ascending
order, the main ranks of coal are: lignite
(or brown coal), which is soft, brown, and
has a high moisture content; subbitumi-
nous coal, which is used chiefly by gener-
ating stations; bituminous coal, which is
the most abundant rank of coal; semibitu-
minous coal; semianthracite coal, which
has a fixed carbon content of between 86%
and 92%; and anthracite coal, which is
hard and black with a fixed carbon con-
tent of between 92% and 98%.

Most deposits of coal were formed dur-
ing the Carboniferous and Permian peri-
ods. More recent periods of coal formation
occurred during the early Jurassic and Ter-
tiary periods. Coal deposits occur in all
the major continents; the leading produc-
ers include the USA, China, Ukraine,
Poland, UK, South Africa, India, Australia,
and Germany. Coal is used as a fuel and in
the chemical industry; by-products in-
clude coke and coal tar.

coal gas A fuel gas produced by the de-
structive distillation of coal. In the late-
19th and early-20th centuries coal gas was
a major source of energy and was made
by heating coal in the absence of air in
local gas works. Typically, it contained hy-
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drogen (50%), methane (35%), and carbon
monoxide (8%). By-products of the process
were *coal tar and coke. The use of this
type of gas declined with the increasing
availability of natural gas, although since
the early 1970s interest has developed in
using coal in making *SNG.

coal tar A tar obtained from the destruc-

tive distillation of coal. Formerly, coal tar
was obtained as a by-product in manufac-
turing *coal gas. Now it is produced in
making coke for steel making. The crude
tar contains a large number of organic
compounds, such as benzene, naphtha-
lene, methylbenzene, phenols, etc., which
can be obtained by distillation. The
residue is pitch. Coal tar was once the
major source of organic chemicals, most
of which are now derived from petroleum
and natural gas.

coaxial cable A cable consisting of a
central conductor surrounded by an insu-
lator, which is in turn contained in an
earthed sheath of another conductor. The
central conductor and the outer conduc-
tor are coaxial (i.e. have the same axis).
They are used to transmit high-frequency
signals as they produce no external fields
and are not influenced by them.

cobalamin (vitamin B,,) See VITAMIN B
COMPLEX.

cobalt Symbol Co. A light-grey *transi-
tion element; a.n. 27; r.a.m. 58.933; r.d.
8.9; m.p. 1495°C; b.p. 2870°C. Cobalt is
ferromagnetic below its Curie point of
1150°C. Small amounts of metallic cobalt
are present in meteorites but it is usually
extracted from ore deposits worked in
Canada, Morocco, and the Democratic Re-
public of Congo. It is present in the min-
erals cobaltite, smaltite, and erythrite but
also associated with copper and nickel as
sulphides and arsenides. Cobalt ores are
usually roasted to the oxide and then re-
duced with carbon or water gas. Cobalt is
usually alloyed for use. Alnico is a well-
known magnetic alloy and cobalt is also
used to make stainless steels and in high-
strength alloys that are resistant to oxida-
tion at high temperatures (for turbine
blades and cutting tools).

The metal is oxidized by hot air and
also reacts with carbon, phosphorus, sul-
phur, and dilute mineral acids. Cobalt

salts, usual oxidation states II and III, are
used to give a brilliant blue colour in
glass, tiles, and pottery. Anhydrous
cobalt(Il) chloride paper is used as a quali-
tative test for water and as a heat-
sensitive ink. Small amounts of cobalt
salts are essential in a balanced diet for
mammals (see ESSENTIAL ELEMENT). Artifi-
cially produced cobalt-60 is an important
radioactive tracer and cancer-treatment
agent. The element was discovered by
Georg Brandt (1694-1768) in 1737.

cobalt(ll) oxide A pink solid, CoO;
cubic; r.d. 6.45; m.p. 1935°C. The addition
of potassium hydroxide to a solution of
cobalt(Il) nitrate gives a bluish-violet pre-
cipitate, which on boiling is converted to
pink impure cobalt(Il) hydroxide. On heat-
ing this in the absence of air, cobalt(II)
oxide is formed. The compound is readily
oxidized in air to form tricobalt tetroxide,
Co30,, and is readily reduced by hydrogen
to the metal.

cobalt(lll) oxide (cobalt sesquioxide) A
black grey insoluble solid, Co,0;; hexago-
nal or rhombic; r.d. 5.18; decomposes at
895°C. It is produced by the ignition of
cobalt nitrate; the product however never
has the composition corresponding ex-
actly to cobalt(Ill) oxide. On heating it
readily forms Coz0,, which contains both
Co(Il) and Co(Ill), and is easily reduced to
the metal by hydrogen. Cobalt(III) oxide
dissolves in strong acid to give unstable
brown solutions of trivalent cobalt salts.
With dilute acids cobalt(II) salts are
formed.

cobalt steel Any of a group of alloy
*steels containing 5-12% of cobalt,
14-20% of tungsten, usually with 4% of
chromium and 1-2% of vanadium. They
are very hard but somewhat brittle. Their
main use is in high-speed tools.

COBE Cosmic Background Explorer; an
orbiting satellite launched in November
1989 for cosmological research. In 1992,
statistical studies of measurements on the
*microwave background radiation indi-
cated the presence of weak temperature
fluctuations thought to be imprints of
quantum fluctuations in the *early uni-
verse. See also WMAP.

COBOL A high-level computer language
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developed in the early 1960s. The name is
short for common business-oriented lan-
guage. COBOL is employed widely for data
processing in commerce and government.
Although programs in COBOL tend to be
long and wordy, they are easy to read and
easy to modify (even by someone who is
not the original author).

coccus Any spherical bacterium. Cocci
may occur singly, in pairs, in groups of
four or more, in cubical packets, in grape-
like clusters (*Staphylococcus), or in chains
(*Streptococcus). Staphylococci and strepto-
cocci include pathogenic species. They are
generally nonmotile and do not form
spores.

coccyx The last bone in the *vertebral
column in apes and man (i.e. tailless pri-
mates). It is formed by the fusion of 3-5
*caudal vertebrae.

cochlea Part of the *inner ear of mam-
mals, birds, and some reptiles that trans-
forms sound waves into nerve impulses.
In mammals it is coiled, resembling a
snail shell. The cochlea is lined with sensi-
tive cells that bear tiny hairs; it is filled
with fluid (endolymph) and surrounded by
fluid (perilymph). Sound-induced vibra-
tions of the *oval window are transmitted
through the perilymph and endolymph
and stimulate the hair cells that line the
cochlea. These in turn stimulate nerve
cells that transmit information, via the
*auditory nerve, to the brain for interpre-
tation of the sounds.

Cockcroft, Sir John Douglas (1897-
1967) British physicist, who joined
*Rutherford at the Cavendish Laboratory
in Cambridge, where with Ernest Walton
(1903-95) he built a linear accelerator (see
COCKCROFT-WALTON GENERATOR). In 1932,
using the apparatus to bombard lithium
nuclei with protons, they produced the
first artificial nuclear transformation. For
this work they were awarded the 1951
Nobel Prize.

Cockcroft-Walton generator The
first proton accelerator; a simple *linear
accelerator producing a potential differ-
ence of some 800 kV (d.c.) from a circuit
of rectifiers and capacitors fed by a lower
(a.c.) voltage. The experimenters, Sir John
Cockcroft and E. T. S. Walton (1903-95),

used this device in 1932 to achieve the
first artificially induced nuclear reaction
by bombarding lithium with protons to
produce helium:

1 717 =4 4
1H + 3Li = 3He + 3He

cockroaches See DICTYOPTERA.

cocoon A protective covering for eggs
and/or larvae produced by many inverte-
brates. For example, the larvae of many
insects spin a cocoon in which the pupae
develop (that of the silkworm moth pro-
duces silk), and earthworms secrete a co-
coon for the developing eggs.

codominance The condition that arises
when both alleles in a *heterozygous or-
ganism are dominant and are fully ex-
pressed in the *phenotype. For example,
the human blood group AB is the result of
two alleles, A and B, both being ex-
pressed. A is not dominant to B, nor vice
versa. Compare INCOMPLETE DOMINANCE.

codon A triplet of nucleotides within a
molecule of messenger *RNA that func-
tions as a unit of genetic coding (the
triplet code), usually by specifying a par-
ticular amino acid during the synthesis of
proteins in a cell (see GENETIC CODE). A few
codons specify instructions during this
process (see START CODON; STOP CODON).
The term codon may also refer to any of
the corresponding nucleotide triplets of
DNA that are transcribed into codons. See
also READING FRAME. Compare ANTICODON.

coefficient 1. (in mathematics) A num-
ber or other known factor by which a
variable quantity is multiplied, e.g. in ax?
+bx +c=0, ais the coefficient of x* and b
is the coefficient of x. 2. (in physics) A
measure of a specified property of a par-
ticular substance under specified condi-
tions, e.g. the coefficient of *friction of a
substance.

coefficient of expansion See ExpPAN-
SIVITY.

coefficient of friction See FriCTION.

coelacanth A bony fish of the genus La-
timeria, thought to be extinct until the
first modern specimen of L. chalumnae was
discovered in 1938 in the Indian Ocean
around the Comoros Islands, off the SE
coast of Aftica. A second species, L. mena-
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doensis, was discovered in 1999 in the
Celebes Sea, SE Asia. The coelacanth be-
longs to the same order (Crossopterygii -
lobe-finned fishes) as the ancestors of the
amphibians. It is a large fish, 1-2 m long
and weighing 80 kg or more, with a three-
lobed tail fin. The body is covered in
rough heavy scales and the pectoral fins
can be used like crutches to help move-
ment across the sea bed. The young are
born alive. Fossil coelacanths are most
abundant in deposits about 400 million
years old and no fossils less than 70 mil-
lion years old have been found.

coelenterates See CNIDARIA.

coelom A fluid-filled cavity that forms
the main *body cavity of vertebrate and
most invertebrate animals. It is formed by
the splitting of the *mesoderm. Ciliated
ducts (coelomoducts) connect the coelom
to the exterior allowing the exit of waste
products and gametes; in higher animals
these are specialized as oviducts, etc. The
coelom is large and often subdivided in
annelid worms (in which it functions as a
hydrostatic skeleton) and vertebrates. In
arthropods it is restricted to the cavities of
the gonads and excretory organs, the
body cavity being a blood-filled *haemo-
coel.

coelomoduct See COELOM.

coelostat A device that enables light
from the same area of the sky to be con-
tinuously reflected into the field of view of
an astronomical telescope or other instru-
ment. It consists of a plane mirror driven
by a clockwork or electrical mechanism

so that it rotates from east to west to com-
pensate for the apparent west-to-east rota-
tion of the *celestial sphere.

coenocyte A mass of cytoplasm sur-
rounding many nuclei and enclosed by a
cell wall. It is found in certain algae and
fungi. Compare CELL; SYNCYTIUM.

coenzyme An organic nonprotein mol-
ecule that associates with an enzyme mol-
ecule in catalysing biochemical reactions.
Coenzymes usually participate in the sub-
strate-enzyme interaction by donating or
accepting certain chemical groups. Many
vitamins are precursors of coenzymes. See
also COFACTOR.

coenzyme A (CoA) A complex organic
compound that acts in conjunction with
enzymes involved in various biochemical
reactions, notably the oxidation of pyru-
vate via the *Krebs cycle and fatty-acid
oxidation and synthesis. It comprises prin-
cipally the B vitamin *pantothenic acid,
the nucleotide *adenine, and a ribose-
phosphate group.

coenzyme Q See UBIQUINONE.

coercive force (coercivity) The magne-
tizing force necessary to reduce the flux
density in a magnetic material to zero. See
HYSTERESIS.

coevolution The evolution of comple-
mentary adaptations in two species
caused by the *selection pressures that
each exerts on the other. It is common in
symbiotic associations (see SYMBIOSIS). For
example, many insect-pollinated plants
have evolved flowers whose shapes,
colours, etc., make them attractive to par-
ticular insects; at the same time the polli-
nating insects have evolved sense organs
and mouthparts specialized for quickly lo-
cating, and extracting nectar from, partic-
ular species of plants.

cofactor A nonprotein component es-
sential for the normal catalytic activity of
an enzyme. Cofactors may be organic
molecules (*coenzymes) or inorganic ions.
They may activate the enzyme by altering
its shape or they may actually participate
in the chemical reaction.

coherent radiation Electromagnetic
radiation in which two or more sets of
waves have a constant phase relationship,
i.e. with peaks and troughs always simi-
larly spaced.

coherent scattering Scattering for
which there is a well-defined relationship
between the phase of the incoming wave
and the phase of the outgoing wave. Scat-
tering for which there is no well-defined
such relationship is called incoherent scat-
tering.

coherent units A system of *units of
measurement in which derived units are
obtained by multiplying or dividing base
units without the use of numerical fac-
tors. *SI units form a coherent system; for
example the unit of force is the newton,
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which is equal to 1 kilogram metre per
second squared (kg m s7?), the kilogram,
metre, and second all being base units of
the system.

cohesion 1. The force of attraction be-
tween like molecules. Cohesion provides
the force that holds up a column of water
in the xylem tissue of plants without it
breaking. The cohesion-tension theory is
the most widely accepted explanation for
the continual flow of water upwards
through the xylem of a plant. Water is re-
moved from the plant by the process of
*transpiration, which creates a tension
that pulls the water in the xylem upwards
as a single column held together by cohe-
sive forces. 2. (in botany) The union of
like parts, such as the fusion of petals that
occurs in some flowers.

coinage metals A group of three mal-
leable ductile transition metals forming
group 11 (formerly IB) of the *periodic
table: copper (Cu), silver (Ag), and gold
(Au). Their outer electronic configurations
have the form nd'(n+1)s'. Although this is
similar to that of alkali metals, the
coinage metals all have much higher ion-
ization energies and higher (and positive)
standard electrode potentials. Thus, they
are much more difficult to oxidize and are
more resistant to corrosion. In addition,
the fact that they have d-electrons makes
them show variable valency (Cu', Cu", and
Cu'; Ag! and Ag'; Au' and Au') and form
a wide range of coordination compounds.
They are generally classified with the
*transition elements.

coincidence circuit An electronic logic
device that gives an output only if two
input signals are fed to it simultaneously
or within a specified time of each other. A
coincidence counter is an electronic
counter incorporating such a device.

coitus See SEXUAL INTERCOURSE.

coke A form of carbon made by the de-
structive distillation of coal. Coke is used
for blast-furnaces and other metallurgical
and chemical processes requiring a source
of carbon. Lower-grade cokes, made by
heating the coal to a lower temperature,
are used as smokeless fuels for domestic
heating.

colchicine An *alkaloid derived from

the autumn crocus, Colchicum autumnale. It
inhibits *spindle formation in cells during
mitosis so that chromosomes cannot sepa-
rate during anaphase, thus inducing mul-
tiple sets of chromosomes (see POLYPLOID).
Colchicine is used in genetics, cytology,
and plant breeding research and also in
cancer therapy to inhibit cell division.

cold-blooded animal See ECTOTHERM.

cold emission The emission of elec-
trons by a solid without the use of high
temperature, either as a result of field
emission (See FIELD-EMISSION MICROSCOPE)
or *secondary emission.

cold front Sece FRONT.
cold fusion See NUCLEAR FUSION.

Coleoptera An order of insects compris-
ing the beetles and weevils and contain-
ing about 330 000 known species - the
largest order in the animal kingdom. The
forewings are hardened and thickened to
form elytra, which meet at a precise mid-
dorsal line and protect the underlying
pair of hindwings and abdomen. The
mouthparts are generally modified for bit-
ing and in some species assume antler-
like proportions. Beetles occur in a wide
variety of terrestrial and aquatic habitats;
many feed on decaying organic matter,
some eat living vegetation, while others
prey on other arthropods. A number of
beetles and weevils are economically im-
portant pests of stored grain, timber, and
crops. The young emerge as larvae and
generally undergo metamorphosis via a
pupal stage to form the adult beetle.

coleoptile A protective sheath that cov-
ers the young shoot of the embryo in
plants of the grass family. It bursts open
when the first leaves develop. Experi-
ments investigating growth movements
of the oat coleoptile led to the discovery
of the plant growth substance indole-
acetic acid (IAA).

coleorhiza A protective sheath that cov-
ers the young root of the embryo in
plants of the grass family.

collagen An insoluble fibrous protein
found extensively in the connective tissue
of skin, tendons, and bone. The polypep-
tide chains of collagen (containing the
amino acids glycine and proline predomi-
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nantly) form triple-stranded helical coils
that are bound together to form fibrils,
which have great strength and limited
elasticity. Collagen accounts for over 30%
of the total body protein of mammals.

collapsar A *neutron star, *white
dwarf, or any other star composed of de-
generate matter: *black holes are also re-
garded as collapsars. They share the
property that they have all collapsed
under the effect of a strong gravitational
field and ceased to produce energy within
their cores.

collecting duct Any of the ducts in the
mammalian *kidney that drains into the
renal pelvis, which leads to the ureter.
They are the main sites of water reabsorp-
tion from the glomerular filtrate, which
drains into the ducts from the *distal con-
voluted tubules of the *nephrons. The
cells of the collecting ducts are relatively
impermeable to water. However, the in-
fluence of *antidiuretic hormone in-
creases the permeability of the collecting
ducts, allowing the reabsorption of water
and controlling the final urine concentra-
tion according to the body’s state of hy-
dration.

collective excitation A quantized
mode in a many-body system, occurring
because of cooperative motion of the
whole system as a result of interactions
between particles. *Plasmons and
*phonons in solids are examples of collec-
tive excitations. Collective excitations
obey Bose-Einstein statistics (see QUANTUM
STATISTICS).

collector See TRANSISTOR.
collenchyma See GROUND TISSUES.

colligative properties Properties that
depend on the concentration of particles
(molecules, ions, etc.) present in a solu-
tion, and not on the nature of the parti-
cles. Examples of colligative properties
are osmotic pressure (see OSMOSIS), *lower-
ing of vapour pressure, *depression of
freezing point, and *elevation of boiling
point.

collimator 1. Any device for producing
a parallel beam of radiation. A common
arrangement used for light consists of a
convex achromatic lens fitted to one end

of a tube with an adjustable slit at the
other end, the slit being at the principal
focus of the lens. Light rays entering the
slit leave the lens as a parallel beam. Colli-
mators for particle beams and other types
of electromagnetic radiation utilize a sys-
tem of slits or apertures. 2. A small fixed
telescope attached to a large astronomical
telescope to assist in lining up the large
one onto the desired celestial body.

collision density The number of colli-
sions that occur in unit volume in unit
time when a given neutron flux passes
through matter.

collision quenching See EXTERNAL CON-
VERSION.

collodion A thin film of cellulose nitrate
made by dissolving the cellulose nitrate in
ethanol or ethoxyethane, coating the sur-
face, and evaporating the solvent.

colloids As originally defined by Thomas
Graham in 1861, substances, such as
starch or gelatin, that will not diffuse
through a membrane. Graham distin-
guished colloids from crystalloids (e.g. in-
organic salts), which would pass through
membranes. Later it was recognized that
colloids were distinguished from true so-
lutions by the presence of particles that
were too small to be observed with a nor-
mal microscope yet were much larger
than normal molecules. Colloids are now
regarded as systems in which there are
two or more phases, with one (the dis-
persed phase) distributed in the other (the
continuous phase). Moreover, at least one
of the phases has small dimensions (in the
range 10™°-107° m). Colloids are classified
in various ways.

Sols are dispersions of small solid parti-
cles in a liquid. The particles may be
macromolecules or may be clusters of
small molecules. Lyophobic sols are those
in which there is no affinity between the
dispersed phase and the liquid. An exam-
ple is silver chloride dispersed in water. In
such colloids the solid particles have a
surface charge, which tends to stop them
coming together. Lyophobic sols are in-
herently unstable and in time the parti-
cles aggregate and form a precipitate.
Lyophilic sols, on the other hand, are
more like true solutions in which the so-
lute molecules are large and have an
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affinity for the solvent. Starch in water is
an example of such a system. Association
colloids are systems in which the dis-
persed phase consists of clusters of mol-
ecules that have lyophobic and lyophilic
parts. Soap in water is an association col-
loid (see MICELLE).

Emulsions are colloidal systems in
which the dispersed and continuous
phases are both liquids, e.g. oil-in-water or
water-in-oil. Such systems require an
emulsifying agent to stabilize the dis-
persed particles.

Gels are colloids in which both dis-
persed and continuous phases have a
three-dimensional network throughout
the material, so that it forms a jelly-like
mass. Gelatin is a common example. One
component may sometimes be removed
(e.g. by heating) to leave a rigid gel (e.g.
silica gel).

Other types of colloid include *aerosols
(dispersions of liquid or solid particles in a
gas, as in a mist or smoke) and foams (dis-
persions of gases in liquids or solids).

cologarithm The logarithm of the re-
ciprocal of a number.

colon The section of the vertebrate
*large intestine that lies between the
*caecum and the *rectum. Its prime func-
tion is to absorb water and minerals from
indigestible food residues passing from
the small intestine, which results in the
formation of *faeces.

colony 1. (in zoology) A group of ani-
mals of the same species living together
and dependent upon each other. Some,
such as the corals and sponges, are physi-
cally connected and function as a single
unit. Others, such as insect colonies, are
not physically joined but show a high
level of social organization with members
specialized for different functions (see
CASTE). 2. (in microbiology) A group of
microorganisms, usually bacteria or
yeasts, that are considered to have devel-
oped from a single parent cell. Colonies
that grow on *agar plates differ in shape,
colour, surface texture, and translucency
and can therefore be used as a means of
identification.

colony-stimulating factor (CSF) Any
of several *cytokines that stimulate devel-
opment of certain types of blood cells

from haemopoietic *stem cells. They
include GM-CSF, a glycoprotein that
causes the stem cells to develop into
mixed colonies of granulocytes and
monocytes/macrophages (hence the
name); G-CSF, which stimulates produc-
tion of granulocytes only; and M-CSF,
which promotes only monocyte/
macrophage cell production. *Inter-
leukin-3 (IL-3) is sometimes called the
‘multi-CSF’ because it stimulates the pro-
duction of all types of lymphocytes and
also erythrocytes.

colorimeter Any instrument for com-
paring or reproducing colours. Monochro-
matic colorimeters match a *colour with
a mixture of monochromatic and white
lights. Trichromatic colorimeters use a
mixture of three *primary colours.

colorimetric analysis Quantitative
analysis of solutions by estimating their
colour, e.g. by comparing it with the
colours of standard solutions.

colostrum A liquid with a high content
of nitrogen, antibodies, and vitamins that
is secreted from the mammary glands be-
fore and just after giving birth. The
change of secretion from colostrum to
proper milk takes place gradually during
the days after birth.

colour The sensation produced when
light of different wavelengths falls on the
human eye. Although the visible spec-
trum covers a continuously varying range
of colours from red to violet it is usually
split into seven colours (the visible spec-
trum) with the following approximate
wavelength ranges:

red 740-620 nm

orange 620-585 nm

yellow 585-575 nm

green 575-500 nm

blue 500-445 nm

indigo 445-425 nm

violet 425-390 nm

A mixture of all these colours in the pro-
portions encountered in daylight gives
white light; other colours are produced by
varying the proportions or omitting com-
ponents.

A coloured light has three attributes: its
hue, depending on its wavelength; its sat-
uration, depending on the degree to
which it departs from white light; and its
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*luminosity. Coloured objects that owe
their colour to pigments or dyes absorb
some components of white light and
reflect the rest. For example, a red book
seen in white light absorbs all the compo-
nents except the red, which it reflects.
This is called a subtractive process as the
final colour is that remaining after absorp-
tion of the rest. This is the basis of the
process used in *colour photography.
Combining coloured lights, on the other
hand, is an additive process and this is the
method used in *colour television. See also
PRIMARY COLOUR.

colour blindness Any disorder of vi-
sion in which colours are confused. The
most common type is red-green colour
blindness. This is due to a recessive gene
carried on the X chromosome (see SEX
LINKAGE), and therefore men are more
likely to show the defect although women
may be *carriers. It results in absence or
malfunctioning of one or more of the
three types of cone cell responsible for
*colour vision.

colour charge Se¢ ELEMENTARY PARTI-
CLES.

colour photography Any of various
methods of forming coloured images on
film or paper by photographic means. One
common process is a subtractive reversal
system that utilizes a film with three lay-
ers of light-sensitive emulsion, one re-
sponding to each of the three *primary
colours. On development a black image is
formed where the scene is blue. The
white areas are dyed yellow, the *comple-
mentary colour of blue, and the black-
ened areas are bleached clean. A yellow
filter between this emulsion layer and the
next keeps blue light from the second
emulsion, which is green-sensitive. This is
dyed magenta where no green light has
fallen. The final emulsion is red-sensitive
and is given a cyan (blue-green) image on
the negative after dying. When white
light shines through the three dye layers
the cyan dye subtracts red where it does
not occur in the scene, the magenta sub-
tracts green, and the yellow subtracts
blue. The light projected by the negative
therefore reconstructs the original scene
either as a transparency or for use with
printing paper.

colour television A television system
in which the camera filters the light from
the scene into the three component *pri-
mary colours, red, blue, and green, which
are detected by separate camera tubes.
The separate information so obtained
relating to the colour of the image is com-
bined with the sound and synchroniza-
tion signals and transmitted using one of
three systems, the American, British, or
French. At the receiver, the signal is split
again into red, blue, and green compo-
nents, each being fed to a separate *elec-
tron gun in the cathode-ray tube of the
receiver. By an additive process (see cOL-
OUR) the picture is reconstituted by the
beam from each gun activating a set of
phosphor dots of that colour on the
screen.

colour temperature The temperature
of a non-black body as indicated by the
temperature of a black body having ap-
proximately the same spectral distribu-
tion.

colour vision The ability of the eye to
detect different wavelengths of light and
to distinguish between these different
wavelengths and their corresponding
colours. In the mammalian eye this is
achieved by the *cone cells, which are lo-
cated in and around the *fovea near to
the centre of the retina. The cone cells
contain the light-sensitive pigment
iodopsin, which - according to the trichro-
matic theory - exists in three forms, each
form occurring in a different cone cell.
Each form of iodopsin is sensitive to ei-
ther red, blue, or green light. The relative
stimulation of each type of cone will de-
termine the colour that is interpreted by
the brain. For example, if red cones and
green cones are stimulated to an equal ex-
tent, the colour interpreted by the brain is
yellow. See also COLOUR BLINDNESS.

The *compound eye of certain insects is
also capable of colour vision.

columbium A former name for the el-
ement *niobium.

column chromatography See cHro-
MATOGRAPHY.

coma 1. A nebulous cloud of gas and
dust that surrounds the nucleus of a
*comet. 2. An *aberration of a lens or
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mirror in which the image of a point
lying off the axis has a comet-shaped ap-
pearance.

combinations See PERMUTATIONS AND
COMBINATIONS.

combined cycle See FLUIDIZATION.

combustion A chemical reaction in
which a substance reacts rapidly with oxy-
gen with the production of heat and light.
Such reactions are often free-radical chain
reactions, which can usually be summa-
rized as the oxidation of carbon to form
its oxides and the oxidation of hydrogen
to form water. See also FLAME.

comet A small body that travels around
the sun in an eccentric orbit. Short-period
comets have orbital periods of less than
150 years. The others have very long peri-
ods, some exceeding 100 000 years. Typi-
cal comets have three components: the
nucleus of ice and dust, the *coma of gas
and dust, and the comet tail, which only
appears when the comet is near the sun
(it, too, consists of gas and dust). The nu-
clei of most comets are thought to be
‘dirty snowballs’ about one kilometre in
diameter, although the solar system has a
few comets with nuclei exceeding 10 km
in diameter. The coma may be 10*-10° km
in diameter, and the tail can be 107 km in
length. See also HALLEY’S COMET.

commensalism An interaction between
two animal or plant species that habitu-
ally live together in which one species
(the commensal) benefits from the associa-
tion while the other is not significantly af-
fected. For example, the burrows of many
marine worms contain commensals that
take advantage of the shelter provided but
do not affect the worm.

common-collector connection A
technique used in the operation of some
*transistors, in which the collector is
common to both the input and output cir-
cuits, the input terminal is the *base, and
the output terminal is the collector.

common logarithm See LOGARITHM.
common salt See SODIUM CHLORIDE.

communication An interaction be-
tween two organisms in which informa-
tion is conveyed from one to the other.

Communication can occur between indi-
viduals of the same species (intraspecific
communication) or between members of
different species (interspecific communica-
tion). It generally involves the transmis-
sion of a signal from one organism to
another; signals can be visual, chemical,
or tactile or they can take the form of
sounds. Visual signals between members
of the same species are widely used by an-
imals in such activities as defining and
protecting *territories and finding suit-
able mates (see COURTSHIP; DISPLAY BE-
HAVIOUR; BIOLUMINESCENCE). Chemical
and tactile signals also play an important
role in these activities (see PHEROMONE).
Social species rely heavily on all three
types of signalling, the classic example
being provided by the *dance of the bees,
in which information about the distance
and direction of a food source is conveyed
to other members of the colony. Visual
signals, in the form of body coloration,
are the principal means of communica-
tion between animals of different species
(see MIMICRY; WARNING COLORATION).
Sounds are more effective than visual sig-
nals for intraspecific communication over
long distances and at night. Certain in-
sects produce sounds by *stridulation,
while birdsong and language are sophisti-
cated examples of sound signals in birds
and humans, respectively. Among plants,
visual and chemical signals are important
in communication. Flowering plants
whose flowers are pollinated by insects or
other animals depend on the colour,
shape, and scent of their flowers to attract
suitable pollinating agents. Some plants
produce chemical signals to deter com-
petitors and predators (see ALLELOPATHY).

communication satellite An un-
manned artificial satellite sent by rocket
into a geostationary orbit (see SYN-
CHRONOUS ORBIT) around the earth to en-
able television broadcasts and telephone
communications to be made between
points on the earth’s surface that could
not otherwise communicate by radio
owing to the earth’s curvature. Modulated
*microwaves are transmitted to the satel-
lite, which amplifies them and retrans-
mits them at a different frequency to the
receiving station. The satellites are pow-
ered by *solar cells. Three or more satel-
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lites in equatorial orbits can provide a
world-wide communications linkage. The
satellites are placed well above the iono-
sphere and therefore the carrier waves
used have to be in the microwave region
of the spectrum in order to pass through
the ionosphere.

community A naturally occurring as-
semblage of plant and animal species liv-
ing within a defined area or habitat.
Communities are named after one of their
*dominant species (e.g. a pine commu-
nity) or the major physical characteristics
of the area (e.g. a freshwater pond com-
munity). Members of a community inter-
act in various ways (e.g. through *food
chains and *competition). Large commu-
nities may be divided into smaller compo-
nent communities. See ASSOCIATION.

commutative law The mathematical
law stating that the value of an expression
is independent of the order of combina-
tion of the numbers, symbols, or terms in
the expression. The commutative law for
addition applies if x + y =y + x. The com-
mutative law of multiplication applies if

X Xy =y X x. Subtraction and division are
not commutative. Compare ASSOCIATIVE
LAW; DISTRIBUTIVE LAW.

commutator The part of the armature
of an electrical motor or generator
through which connections are made to
external circuits. It consists of a cylindri-
cal assembly of insulated copper conduc-
tors, each of which is connected to one
point in the armature winding. Spring-
loaded carbon brushes are positioned
around the commutator to carry the cur-
rent to or from it.

compact disk (CD) A 120 mm metal
disk on which there is a *digital recording
of audio information, providing high-
quality recording and reproduction of
music, speech, etc. The recording is pro-
tected by a layer of clear plastic. The infor-
mation is permanently encoded in the
form of a spiral track of minute pits im-
pressed on one surface of the disk at the
time of manufacture; these impressions
correspond to a changing sequence of
*bits. The CD is rotated at constant linear
velocity (CLV) in a CD player; the rotation
rate is varied according to the radius of
the track accessed. Information is re-

trieved from the rotating disk by means
of a low-power laser focused on the track
and modulated by the binary code im-
pressed on the track.

companion cell A type of cell found
within the *phloem of flowering plants.
Each companion cell is usually closely as-
sociated with a *sieve element. Its func-
tion is uncertain, though it appears to
regulate the activity of the adjacent sieve
element and to take part in loading and
unloading sugar into the sieve element. In
gymnosperms a similar function is at-
tributed to albuminous cells, which are
found closely associated with gymno-
sperm sieve elements.

compass A small magnet pivoted at its
central point to revolve in a horizontal
plane. In the earth’s magnetic field the
magnet (called the compass needle) aligns
itself so that its north-seeking end points
to the earth’s magnetic north pole. A scale
(called a compass card) is placed below
the needle for use in navigation. In some
navigation compasses the entire card is
pivoted, indicating direction by a fixed
mark on the casing. Such compasses are
often filled with alcohol to provide damp-
ing. Magnetic compasses suffer from
being affected by magnetic metals in their
vicinity and to a large extent they have
been replaced by *gyrocompasses.

compass plant A plant that has its
leaves permanently orientated in a
north-south direction. Such an arrange-
ment enables the plant to take full advan-
tage of morning and evening sun, while
avoiding the stronger midday sunlight. An
example is the compass plant of the
prairies (Silphium laciniatum).

competent Describing embryonic tissue
that is capable of developing into a spe-
cialized tissue when suitably stimulated.
See INDUCTION; EVOCATION.

competition The interaction that oc-
curs between two or more organisms,
populations, or species that share some
environmental resource when this is in
short supply. Competition is an important
force in evolution: plants, for example,
become tall to compete for light, and ani-
mals evolve various foraging methods to
compete for food. There may be a direct
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confrontation between competitors, as oc-
curs between barnacles competing for
space on a rock, or the numbers or fecun-
dity of the competitors are indirectly re-
duced through joint dependence on
limited resources. Competition occurs
both between members of a species
(intraspecific competition) and between
different species (interspecific competi-
tion). Interspecific competition often re-
sults in the dominance of one species over
another (see DOMINANT). Since competi-
tion ultimately results in the displace-
ment by one competitor of the others, it
is to the advantage of the competitors to
avoid one another wherever possible.
Thus in time the competitors become sep-
arated from each other geographically or
ecologically, which promotes evolutionary
change. Competition for mates may lead
to *sexual selection.

competitive inhibition See INHIBI-
TION.

complement A group of proteins pre-
sent in blood plasma and tissue fluid that
aids the body’s defences following an *im-
mune response; the genes encoding it
form part of the *major histocompatibil-
ity complex. Following an antibody-
antigen reaction, complement is activated
chemically and becomes bound to the
antibody-antigen complex (complement
fixation); it becomes involved in destroy-
ing foreign cells and attracting scavenging
white blood cells (*phagocytes) to the area
of conflict in the body.

complemental males The small males
of certain animals that live in or on the fe-
males and are usually more or less degen-
erate apart from the reproductive organs.
They occur in certain crustaceans (e.g.
some barnacles), in which the normal in-
dividuals are hermaphrodite but the com-
plemental males have suppressed ovaries,
lose their alimentary canal, and lead a
semiparasitic existence in the mantle cav-
ity of the larger partner. This may ensure
that cross fertilization occurs.

complementarity The concept that a
single model may not be adequate to ex-
plain all the observations made of atomic
or subatomic systems in different experi-
ments. For example, *electron diffraction
is best explained by assuming that the

electron is a wave (see DE BROGLIE WAVE-
LENGTH), whereas the *photoelectric ef-
fect is described by assuming that it is a
particle. The idea of two different but
complementary concepts to treat quan-
tum phenomena was first put forward by
the Danish physicist Niels Bohr (1855-
1962) in 1927. See also LIGHT.

complementary colours A pair of
coloured lights of specific hue (see COLOUR)
that produce the sensation of white when
mixed in appropriate intensities. There is
an infinite number of such pairs, an ex-
ample (with wavelengths) is orange

(608 nm) and blue (490 nm).

complementary DNA (cDNA) A form
of DNA prepared in the laboratory using
messenger *RNA (mRNA) as template, i.e.
the reverse of the usual process of *tran-
scription in cells; the synthesis is catal-
ysed by *reverse transcriptase. cDNA thus
has a base sequence that is complemen-
tary to that of the mRNA template; unlike
genomic DNA, it contains no noncoding
sequences (*introns). cDNA is used in
*gene cloning for the expression of
eukaryote genes in prokaryote host cells
or as a *gene probe.

complementary genes Two (or more)
genes that are interdependent, such that
the dominant *allele from either gene can
only produce an effect on the *phenotype
of an organism if the dominant allele
from the other gene is also present.

complex A compound in which mol-
ecules or ions form coordinate bonds to a
metal atom or ion (see illustration over-
leaf). Often complexes occur as positive or
negative complex ions, such as
[Cu(H,0)e** and Fe[(CN)g|*>~. A complex
may also be a neutral molecule (e.g.
PtCl,(NHj),). The formation of such coor-
dination complexes is typical behaviour of
transition metals. The complexes formed
are often coloured and have unpaired
electrons (i.e. are paramagnetic). See also
LIGAND; CHELATE.

complexity The levels of *self-organiza-
tion of a system. In physical systems, com-
plexity is associated with *broken
symmetry and the ability of a system to
have different states between which it can
make *phase transitions. It is also associ-
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trigonal-bipyramid

Some common shapes of coordination complexes

ated with having coherence in space over
a long range. Examples of complexity in-
clude *superconductivity, *superfluidity,
*lasers, and ordered phases that arise
when a system is driven far from thermal
equilibrium (see BENARD CELL). It is not
necessary for a system to have a large
number of degrees of freedom in order
for complexity to occur. The study of com-
plexity is greatly aided by computers in
systems that cannot be described analyti-
cally.

complex number A number that has a
real part, x, and an imaginary part, iy,
where i =V-1 and x and y are real (x can
also equal 0). The complex number there-
fore has the form x + iy, which can also be
written in the polar form rcos6 + irsin®,
where r is the modulus and 6 is the argu-
ment (or amplitude). A complex number
can be represented on an Argand
diagram, devised by Jean-Robert Argand
(1768-1822), in which the horizontal axis
represents the real part of the number
and the vertical axis the imaginary part
(see illustration). In the polar form the
modulus is the line joining the origin to
the point representing the complex num-
ber and the argument is the angle be-
tween the modulus and the x-axis.

(imaginary)

<

o x (real)

Argand diagram

complexometric analysis A type of
volumetric analysis in which the reaction
involves the formation of an inorganic
*complex.

component A distinct chemical species
in a mixture. If there are no reactions tak-
ing place, the number of components is
the number of separate chemical species.
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A mixture of water and ethanol, for in-
stance, has two components (but is a sin-
gle phase). A mixture of ice and water has
two phases but one component (H,0). If
an equilibrium reaction occurs, the num-
ber of components is taken to be the
number of chemical species minus the
number of reactions. Thus, in

H,+ L, = 2HI

there are two components. See also PHASE
RULE.

component vectors Two or more vec-
tors that produce the same effect as a
given vector; the vectors that combine to
produce the effect of a resultant vector. A
component vector in a given direction is
the projection of the given vector (V)
along that direction, i.e. Vcos6, where 6 is
the angle between the given vector and
the direction.

composite fruit A type of fruit that de-
velops from an inflorescence rather than
from a single flower. See PSEUDOCARP;
SOROSIS; STROBILUS; SYCONUS.

compost A mixture of decaying organic
matter, such as vegetation and manure,
that is used as a *fertilizer. The organic
material is decomposed by aerobic sapro-
trophic organisms, mostly fungi and bac-
teria. Some decomposition is also carried
out by *detritivores. Compost is used
mainly on a domestic scale.

compound A substance formed by the
combination of elements in fixed propor-
tions. The formation of a compound in-
volves a chemical reaction; i.e. there is a
change in the configuration of the valence
electrons of the atoms. Compounds, un-
like mixtures, cannot be separated by
physical means. See also MOLECULE.

compound eye The eye of insects and
crustaceans, which consists of numerous
visual units, the ommatidia. Each omma-
tidium consists of an outer cuticle cover-
ing a lens, beneath which are 6-8 retinal
cells surrounding a light-sensitive rhab-
dom. Adjacent ommatidia are separated
by pigment cells. The eye is convex, with
nerve fibres from the retinal cells converg-
ing onto the optic nerve. There are two
types of compound eye. In apposition
eyes, typical of diurnal insects, each om-

matidium focuses rays parallel to its long
axis so that each gives an image of a
minute part of the visual field, producing
a detailed mosaic image. In superposition
eyes, typical of nocturnal insects, the pig-
ment separating ommatidia migrates to
the ends of the cells, so that each omma-
tidium receives light from a larger part of
the visual field and the image may overlap
with those received by many neighbour-
ing ommatidia. This produces an image
that is bright but lacks sharpness of detail.

compound microscope Se¢ MICRO-
SCOPE.

compressibility The reciprocal of bulk
modulus (see ELASTIC MODULUS). The com-
pressibility (k) is given by -V~'dV/dp,
where dV/dp is the rate of change of vol-
ume (V) with pressure.

compression ratio The ratio of the
total volume enclosed in the cylinder of
an *internal-combustion engine at the be-
ginning of the compression stroke to the
volume enclosed at the end of the com-
pression stroke. For petrol engines the
compression ratio is 8.5-9:1, with a recent
tendency to the lower end of the range in
order to make use of unleaded petrols. For
Diesel engines the compression ratio is in
the range 12-25:1.

comproportionation A reaction in
which an element in a higher oxidation
state reacts with the same element in a
lower oxidation state to give the element
in an intermediate oxidation state. An ex-
ample is Ag**(aq) + Ag(s) — 2Ag*(aq). It is
the reverse of *disproportionation.

Compton, Arthur Holly (1892-1962)
US physicist, who became professor of
physics at the University of Chicago in
1923. He is best known for his discovery
(1923) of the *Compton effect, for which
he shared the 1927 Nobel Prize with C. T.
R. *Wilson. In 1938 he demonstrated that
*cosmic radiation consists of charged par-
ticles.

Compton effect The reduction in the
energy of high-energy (X-ray or gamma-
ray) photons when they are scattered by
free electrons, which thereby gain energy.
The phenomenon, first observed in 1923
by Arthur Compton, occurs when the
photon collides with an electron; some of
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the photon’s energy is transferred to the
electron and consequently the photon
loses energy h(v, - v,), where h is the
*Planck constant and v, and v, are the fre-
quencies before and after collision. As v, >
v,, the wavelength of the radiation in-
creases after the collision. This type of in-
elastic scattering is known as Compton
scattering and is similar to the *Raman ef-
fect. See also INVERSE COMPTON EFFECT.

Compton wavelength The length
below which a particle’s quantum-
mechanical properties become relevant
in relativistic *quantum mechanics. For
a particle of rest mass m the Compton
wavelength is #i/mc, where 7 is the ration-
alized Planck constant and c is the speed
of light. The Compton wavelength is so
named because of its occurrence in the
theory of the *Compton effect, where its
value for the electron is 3.8616 x 107> m.
The Compton wavelength is sometimes
defined as h/mc, with h being the Planck
constant, in which case the electron value
is 2.4263 x 107> m.

computer An electronic device that pro-
cesses information according to a set of
instructions, called the program. The
most versatile type of computer is the dig-
ital computer, in which the input is in the
form of characters, represented within
the machine in *binary notation. Central
to the operation of a computer is the cen-
tral processing unit (CPU), which contains
circuits for manipulating the information
(see LoGIC CIRCUITS). The CPU contains the
arithmetic/logic unit (ALU), which per-
forms operations, and a control unit. It is
supported by a short-term memory, in
which data is stored in electronic circuits
(see RAM). Associated storage usually in-
volves *magnetic disks or *CD-ROM.
There are also various peripheral input
and output devices, such as a keyboard,
visual-display unit (VDU), magnetic tape
unit, and *printer. Computers range in
size from the microprocessor with a few
thousand logic elements, to the large
mainframe computer with millions of
logic circuits.

The analog computer is used in
scientific experiments, industrial control,
etc. In this type of device the input and
output are continuously varying quanti-
ties, such as a voltage, rather than the dis-

crete digits of the more commercially use-
ful digital device. Hybrid computers com-
bine the properties of both digital and
analog devices. Input is usually in analog
form, but processing is carried out digi-
tally in a CPU.

Computer hardware consists of the ac-
tual electronic or mechanical devices used
in the system; the software consists of the
programs and data. See also ROM.

concave Curving inwards. A concave
mirror is one in which the reflecting sur-
face is formed from the interior surface of
a sphere or paraboloid. A concave lens has
at least one face formed from the interior
surface of a sphere. A biconcave lens has
both faces concave and is therefore
thinnest at its centre. The plano-concave
lens has one plane face and one concave
face. The concavo-convex lens (also called
a meniscus) has one concave face and one
*convex face. See LENS.

concavo-convex See CONCAVE.

concentrated Describing a solution
that has a relatively high concentration of
solute.

concentration The quantity of dis-
solved substance per unit quantity of
solvent in a solution. Concentration is
measured in various ways. The amount of
substance dissolved per unit volume (sym-
bol ¢) has units of mol dm™ or mol I, It is
now called amount concentration (for-
merly molarity). The mass concentration
(symbol p) is the mass of solute per unit
volume of solvent. It has units of kg dm™3,
g cm™3, etc. The molal concentration (or
molality; symbol m) is the amount of sub-
stance per unit mass of solvent, com-
monly given in units of mol kg™'. See also
MOLE FRACTION.

concentration cell See CELL.

concentration gradient (diffusion gra-
dient) The difference in concentration be-
tween a region of a solution or gas that
has a high density of particles and a re-
gion that has a relatively lower density of
particles. By random motion, particles
will move from the area of high concen-
tration towards the area of low concentra-
tion, by the process of *diffusion, until
the particles are evenly distributed in the
solution or gas.
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conceptacle A flask-shaped cavity with
a small opening (the ostiole) that is found
in the swollen tip of certain brown algae,
such as Fucus. It contains the sex organs.

conception The fertilization of a mam-
malian egg cell by a sperm cell, which oc-
curs in the fallopian tube. Conception is
followed by *implantation.

conchoidal fracture Fracture of a solid
in which the surface of the material is
curved and marked by concentric rings. It
occurs particularly in amorphous ma-
terials.

condensation The change of a vapour
or gas into a liquid. The change of phase
is accompanied by the evolution of heat
(see LATENT HEAT).

condensation polymerization See
POLYMER.

condensation pump See DIFFUSION
PUMP.

condensation reaction A chemical re-
action in which two molecules combine
to form a larger molecule with elimina-
tion of a small molecule (e.g. H,0). See
ALDEHYDES; KETONES.

condensed-matter physics See soLiD-
STATE PHYSICS.

condenser 1. A mirror or set of lenses
used in optical instruments, such as a
microscope or film projector, to concen-
trate the light diverging from a compact
source. A common form consists of two
plano-convex lenses with the plane faces
pointing outwards. 2. A device used to
cool a vapour to cause it to condense to a
liquid. In a steam engine the condenser
acts as a reservoir that collects the part of
the steam’s internal energy that has not
been used in doing work on the piston.
The cooling water passed through the
condenser is warmed and is used as fresh
feedwater for the boiler. See also LIEBIG
CONDENSER. 3. Se¢ CAPACITOR.

condenser microphone See¢ CAPACITOR
MICROPHONE.

conditional response (conditioned
reflex) A learned response that develops
to an initially ineffective stimulus in clas-
sical *conditioning.

conditioning A process by which ani-
mals learn about a relation between two
events. In classical (or Pavlovian) condi-
tioning, repeated presentations of a neu-
tral stimulus (e.g. the sound of a bell or
buzzer) are followed each time by a bio-
logically important stimulus (such as food
or electric shock), which elicits a response
(e.g. salivation). Eventually the neutral
stimulus presented by itself produces a re-
sponse (the conditional response, or con-
ditioned reflex) similar to that originally
evoked by the biologically important stim-
ulus. In instrumental (or operant) condi-
tioning the animal is rewarded (or
punished) each time it makes a particular
response; this eventually causes the fre-
quency of the response to increase (or de-
crease). See LEARNING (Feature);
REINFORCEMENT.

conductance The reciprocal of electri-
cal resistance in a direct-current circuit.
The ratio of the resistance to the square of
the *impedance in an alternating-current
circuit. The SI unit is the siemens, for-
merly called the mho or reciprocal ohm.

conducting polymer An organic poly-
mer that conducts electricity. Conducting
polymers have a crystalline structure in
which chains of conjugated unsaturated
carbon-carbon bonds are aligned. Exam-
ples are polyacetylene and polypyrrole.
There has been considerable interest in
the development of such materials be-
cause they would be cheaper and lighter
than metallic conductors. They do, how-
ever, tend to be chemically unstable and,
so far, no commercial conducting poly-
mers have been developed.

conductiometric titration A type of
titration in which the electrical conductiv-
ity of the reaction mixture is continuously
monitored as one reactant is added. The
equivalence point is the point at which
this undergoes a sudden change. The
method is used for titrating coloured solu-
tions, which cannot be used with normal
indicators.

conduction 1. (thermal conduction) The
transmission of heat through a substance
from a region of high temperature to a re-
gion of lower temperature. In gases and
most liquids, the energy is transmitted
mainly by collisions between atoms and
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molecules with those possessing lower ki-
netic energy. In solid and liquid metals,
heat conduction is predominantly by mi-
gration of fast-moving electrons, followed
by collisions between these electrons and
ions. In solid insulators the absence of
free *electrons restricts heat transfer to
the vibrations of atoms and molecules
within crystal lattices. See CONDUCTIVITY.
2. (electrical conduction) The passage of
electric charge through a substance under
the influence of an electric field. See also
CHARGE CARRIER; ENERGY BAND.

conduction band See ENERGY BAND.

conductivity 1. (thermal conductivity)
A measure of the ability of a substance to
conduct heat. For a block of material of
cross section A, the energy transferred per
unit time Eft, between faces a distance, I,
apart is given by Eft = LA(T, - T;)/l, where
A is the conductivity and T, and T, are the
temperatures of the faces. This equation
assumes that the opposite faces are paral-
lel and that there is no heat loss through
the sides of the block. The SI unit is there-
fore Js™' m™ K. 2. (electrical conductiv-
ity) The reciprocal of the *resistivity of a
material. It is measured in siemens per
metre in SI units. When a fluid is involved
the electrolytic conductivity is given by
the ratio of the current density to the
electric field strength.

conductivity water See DISTILLED
WATER.

conductometric titration A type of
*titration in which the end point is deter-
mined by detecting a sudden change in
the conductivity of the solution. It is par-
ticularly useful in titrating weak acids
against weak bases or for coloured solu-
tions, for which indicators cannot be
used.

conductor 1. A substance that has a
high thermal *conductivity. Metals are
good conductors on account of the high
concentration of free *electrons they con-
tain. Energy is transmitted through a
metal predominantly by means of colli-
sions between electrons and ions. Most
nonmetals are poor conductors (good
thermal insulators) because there are rela-
tively few free electrons. 2. A substance
that has a high electrical conductivity.

Again conduction results from the move-
ment of free electrons. See ENERGY BAND.

condyle A smooth round knob of bone
that fits into a socket on an adjoining
bone, forming a *joint. Such a joint per-
mits up-and-down or side-to-side move-
ment but does not allow rotation. There
are condyles where the lower jawbone
(mandible) is attached to the skull, which
permits chewing movements. See also oc-
CIPITAL CONDYLE.

Condy'’s fluid A mixture of calcium
and potassium permanganates (man-
ganate(VII)) used as an antiseptic.

cone 1. (in botany) A reproductive struc-
ture occurring in gymnosperms, known
technically as a strobilus. It consists of
*sporophylls bearing the spore-producing
sporangia. Gymnosperms produce differ-
ent male and female cones. The large
woody female cones of pines, firs, and
other conifers are made up of structures
called ovuliferous scales, which bear the
ovules. Cones are also produced by club-
mosses and horsetails. 2. (in animal
anatomy) A type of light-sensitive receptor
cell, found in the *retinas of all diurnal
vertebrates. Cones are specialized to trans-
mit information about colour (see COLOUR
VISION) and are responsible for the *visual
acuity of the eye. They function best in
bright light. They are not evenly dis-
tributed on the retina, being concentrated
in the *fovea and absent on the margin of
the retina. Compare ROD. 3. (in mathemat-
ics) A solid figure generated by a line (the
generator) joining a point on the perime-
ter of a closed plane curve (the directrix)
to a point (the vertex) outside this plane,
as the line moves round the directrix. If
the directrix is a circle, the figure is a cir-
cular cone standing on a circular base. If
the line joining the vertex to the centre of
the base (the axis) is perpendicular to the
base the figure is a right circular cone,
which has a volume nr?h/3, where r is the
radius of the base and h is the height of
the vertex above the base. If the axis of
the cone is not perpendicular to the base,
the figure is an oblique cone. In general,
the volume of any cone is one third of its
base area multiplied by the perpendicular
distance of the vertex from the base.

configuration 1. The arrangement of
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atoms or groups in a molecule. 2. The ar-
rangement of electrons in atomic *or-
bitals in an atom.

configuration space The n-dimen-
sional space with coordinates (q;,9s,..-,qx)
associated with a system that has n *de-
grees of freedom, where the values g de-
scribe the degrees of freedom. For
example, in a gas of N atoms each atom
has three positional coordinates, so the
configuration space is 3N-dimensional. If
the particles also have internal degrees of
freedom, such as those caused by vibra-
tion and rotation in a molecule, then
these must be included in the configura-
tion space, which is consequently of a
higher dimension. See also PHASE SPACE.

confinement See QUANTUM CHROMO-
DYNAMICS; QUARK CONFINEMENT.

conformation Any of the large number
of possible shapes of a molecule resulting
from rotation of one part of the molecule
about a single bond. See illustration.

I A

eclipsed staggered gauche

Conformation for rotation about a single bond

N =

chair conformation boat conformation

Conformations of cyclohexane ring

congeners Elements that belong to the
same group in the periodic table.

congenital Present at birth. Congenital
disorders of the body may be due to ge-
netic factors, e.g. *Down’s syndrome, or
caused by injury or environmental fac-
tors, e.g. drugs (such as thalidomide),
chemicals (such as dioxin), and infections
(such as those caused by *Listeria and *cy-
tomegalovirus).

conic A figure formed by the intersec-
tion of a plane and a *cone. If the inter-

secting plane is perpendicular to the axis
of a right circular cone, the figure formed
is a *circle. If the intersecting plane is in-
clined to the axis at an angle in excess of
half the apex angle of the cone it is an *el-
lipse. If the plane is parallel to the sloping
side of the cone, the figure is a *parabola.
If the plane cuts both halves of the cone a
*hyperbola is formed.

A conic can be defined as a plane curve
in which for all points on the curve the
ratio of the distance from a fixed point
(the focus) to the perpendicular distance
from a straight line (the directrix) is a con-
stant called the eccentricity e. For a
parabola e = 1, for an ellipse e < 1, and for
a hyperbola e > 1.

conidiospore See CONIDIUM.

conidium (conidiospore) A spore of cer-
tain fungi, such as moulds, that is pro-
duced by the constriction of the tip of a
specialized hypha, the conidiophore.
Chains of conidia may be formed in this
way; they are cut off, one at a time, from
the tip of the hypha.

Coniferophyta A phylum of seed-bear-
ing plants comprising the conifers, includ-
ing the pines, firs, and spruces. Conifers
have an extensive fossil record going back
to the late Devonian. The gametes are car-
ried in male and female *cones, fertiliza-
tion usually being achieved by wind-borne
pollen. The ovules and the seeds into
which they develop are borne unpro-
tected (rather than enclosed in a carpel, as
are those of the *Anthophyta). Internal
tissue and cell structure of these species is
not as advanced as in the angiosperms.
Conifers are typically evergreen trees in-
habiting cool temperate regions and have
leaves reduced to needles or scales. The
wood of conifers, which is called soft-
wood in contrast to the hardwood of an-
giosperm trees, is widely used for timber
and pulp. See also GYMNOSPERM.

conjugate acid or base See acIp.

conjugated Describing double or triple
bonds in a molecule that are separated
by one single bond. For example, the
organic compound buta-1,3-diene,
H,C=CH-CH=CH,, has conjugated double
bonds. In such molecules, there is some
delocalization of electrons in the pi or-



conjugate points

190

bitals between the carbon atoms linked
by the single bond.

conjugate points Two points in the
vicinity of a *lens or *mirror such that a
bright object placed at one will form an
image at the other.

conjugation 1. The fusion of two repro-
ductive cells, particularly when these are
both the same size (see ISOGAMY). 2. A
form of sexual reproduction seen in some
algae (e.g. Spirogyra), some bacteria (e.g.
Escherichia coli), and ciliate protozoans. Two
individuals are united by a tube formed
by outgrowths from one or both of the
cells. Genetic material from one cell (des-
ignated the male) then passes through the
tube to unite with that in the other (fe-
male) cell.

conjunction The alignment of two ce-
lestial bodies within the solar system so
that they have the same longitude as seen
from the earth. A planet that orbits be-
tween the sun and the earth (Venus and
Mercury) is in superior conjunction when
it is in line with the sun and the earth but
on the opposite side of the sun to the
earth. It is in inferior conjunction when it
lies between the earth and the sun. Con-
junction may also occur between two
planets or a moon and a planet.

conjunctiva The delicate membrane
that covers the cornea and lines the inside
of the eyelid of a vertebrate eye. It is kept
clean by secretions of the *lacrimal (tear)
gland and the reflex blink mechanism.

connective tissue An animal tissue
consisting of a small number of cells (e.g.
*fibroblasts and *mast cells) and fibres
and a large amount of *extracellular
matrix (ground substance). It is widely dis-
tributed and has many functions, in-
cluding support, packing, defence, and
repair. The individual constituents vary,
depending on the function of the tissue.
Different types of connective tissue in-
clude mesenchyme in the embryo, *adi-
pose tissue, loose areolar connective tissue
for packing and support, *blood, lymph,
cartilage, and bone.

consensus sequence A sequence of
nucleotides found in comparable regions
of DNA or RNA, e.g. in the promoter re-
gions (see OPERON) of different genes, in

which certain bases occur with a fre-
quency significantly greater than that
expected by chance. Although such se-
quences may vary from case to case, it is
possible to derive the most likely se-
quence overall. An example is the *Prib-
now box of prokaryote promoters. The
term is also applied to sequences of amino
acids in polypeptides.

conservation The sensible use of the
earth’s natural resources in order to avoid
excessive degradation and impoverish-
ment of the environment (see DESERTIFICA-
TION). It should include the search for
alternative food and fuel supplies when
these are endangered (as by *deforesta-
tion and overfishing); an awareness of the
dangers of *pollution; and the mainte-
nance and preservation of natural habi-
tats and the creation of new ones (e.g.
nature reserves, national parks, and
*SSSIs).

conservation law A law stating that
the total magnitude of a certain physical
property of a system, such as its mass, en-
ergy, or charge, remains unchanged even
though there may be exchanges of that
property between components of the sys-
tem. For example, imagine a table with a
bottle of salt solution (NaCl), a bottle of
silver nitrate solution (AgNO;), and a
beaker standing on it. The mass of this
table and its contents will not change
even when some of the contents of the
bottles are poured into the beaker. As a
result of the reaction between the chemi-
cals two new substances (silver chloride
and sodium nitrate) will appear in the
beaker:

NaCl + AgNO3; — AgCl + NaNO,,

but the total mass of the table and its con-
tents will not change. This conservation
of mass is a law of wide and general appli-
cability, which is true for the universe as
a whole, provided that the universe can
be considered a closed system (nothing es-
caping from it, nothing being added to it).
According to Einstein’s mass-energy rela-
tionship, every quantity of energy (E) has
a mass (m), which is given by E/c?, where ¢
is the speed of light. Therefore if mass is
conserved, the law of conservation of en-
ergy must be of equally wide application.
The laws of conservation of linear momen-
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tum and angular momentum also are be-
lieved to be universally true.

Because no way is known of either cre-
ating or destroying electric charge, the
law of conservation of charge is also a law
of universal application. Other quantities
are also conserved in reactions between
elementary particles.

conservative field A field of force in
which the work done in moving a body
from one point to another is independent
of the path taken. The force required to
move the body between these points in a
conservative field is called a conservative
force.

conserved sequence Any sequence of
bases (or amino acids) in comparable seg-
ments of different nucleotides (or pro-
teins) that tends to show similarity
greater than that due to chance alone.
The degree to which sequences are con-
served can indicate the extent of struc-
tural and functional similarities between
different genes or between different pro-
teins and provides clues to their possible
evolutionary relations.

consistent histories An interpretation
of quantum mechanics that makes use of
the concept of *decoherence to explain
how the classical world emerges from
quantum mechanics. The consistent-
histories interpretation avoids the prob-
lem of observers and has greatly clarified
our understanding of the problem of
measurement in quantum mechanics.

consociation A climax plant *commu-
nity that is dominated by one particular

species, e.g. a pine forest. See DOMINANT.

Compare ASSOCIATION.

consolute temperature The tempera-
ture at which two partially miscible lig-
uids become fully miscible as the
temperature is increased.

constant 1. A component of a relation-
ship between variables that does not
change its value, e.g.iny=ax+b,bisa
constant. 2. A fixed value that has to be
added to an indefinite integral. Known as
the constant of integration, it depends on
the limits between which the integration
has been performed. 3. See FUNDAMENTAL
CONSTANTS.

constantan An alloy having an electri-
cal resistance that varies only very slightly
with temperature (over a limited range
around normal room temperatures). It
consists of copper (50-60%) and nickel
(40-50%) and is used in resistance wire,
thermocouples, etc.

constant-boiling mixture See
AZEOTROPE.

constant proportions Sec CHEMICAL
COMBINATION.

constellation A collection of stars arbi-
trarily grouped into a recognizable pat-
tern, often named by the ancients after
animals and mythological characters.
There are 88 constellations, which divide
up the celestial sphere into regions
named after them. The smallest is Crux
(the Cross) and the largest Hydra (the Sea
Monster). Stars within a constellation are
systematically named using a Greek letter
(alpha for the brightest, beta for the sec-
ond brightest, and so on) and the genitive
form of the constellation’s Latin name
(e.g. Alpha Crucis, Delta Cepheus).

constitutive equations The equations
D =¢E and B = uH, where D is the electric
displacement, ¢ is the *permittivity of the
medium, E is the electric field intensity, B
is the magnetic flux density, p is the *per-
meability of the medium, and H is the
*magnetic field strength.

consumer An organism that feeds upon
those below it in a *food chain (i.e. at the
preceding *trophic level). Herbivores,
which feed upon green plants, are pri-
mary consumers; a carnivore that feeds
only upon herbivores is a secondary con-
sumer; a tertiary consumer is a carnivore
that feeds on other carnivores. The con-
sumer at the end of a food chain is known
as the top carnivore. Compare PRODUCER.

contact potential difference The po-
tential difference that occurs between two
electrically connected metals or between
the base regions of two semiconductors. If
two metals with work functions ¢, and ¢,
are brought into contact, their Fermi lev-
els will coincide. If ¢, > ¢, the first metal
will acquire a positive surface charge with
respect to the other at the area of contact.
As a result, a contact potential difference
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occurs between the two metals or semi-
conductors.

contact process A process for making
sulphuric acid from sulphur dioxide (SO,),
which is made by burning sulphur or by
roasting sulphide ores. A mixture of sul-
phur dioxide and air is passed over a hot
catalyst

250, + 0, — 250,

The reaction is exothermic and the condi-
tions are controlled to keep the tempera-
ture at an optimum 450°C. Formerly,
platinum catalysts were used but vana-
dium-vanadium oxide catalysts are now
mainly employed (although less efficient,
they are less susceptible to poisoning).
The sulphur trioxide is dissolved in sul-
phuric acid

H,S0, + SO; — H,S,0,
and the oleum is then diluted.

containment 1. The prevention of the
escape of radioactive materials from a
*nuclear reactor. 2. The process of pre-
venting the plasma in a *thermonuclear
reactor from touching the walls of the
vessel by means of magnetic fields.

contig map See PHYSICAL MAP.

continent A large landmass that rises
above the deep ocean floor. Geologically,
the boundary of a continent lies offshore
at the edge of the gentle slope of the con-
tinental shelf. The British Isles and other
offshore islands consequently are parts of
the nearby continents. It is generally ac-
cepted that there are seven continents —
Asia, Africa, North America, South Amer-
ica, Europe, Australia, and Antarctica - oc-
cupying about 29% of the earth’s surface.

continental drift The theory that the
earth’s continents once formed a single
mass and have since moved relative to
each other. It was first postulated by

A. Snider in 1858 and greatly developed
by Alfred Wegener in 1915. He used evi-
dence, such as the fit of South America
into Affrica and the distribution of rock
types, flora, fauna, and geological struc-
tures, to suggest that the present distribu-
tion of the continents results from the
breaking up of one or two greater land
masses. The original land mass was

named Pangaea and it was suggested that
this broke up into the northerly Laurasia
and the southerly Gondwanaland (see il-
lustration). The theory was not accepted
for about 50 years by the majority of geol-
ogists but during the early 1960s, the
seafloor-spreading hypothesis of Harry
Hess (1906-69) and the subsequent devel-
opment of *plate tectonics produced a
mechanism to explain the drift of the con-
tinents.

)
Pa,ngaea

(c) 65 million years ago

Continental drift

continuous culture A technique used
to grow microorganisms or cells continu-
ally in a particular phase of growth. For
example, if a constant supply of cells is re-
quired, a cell culture maintained in the
log phase is best; the conditions must
therefore be continually monitored and
adjusted accordingly so that the cells do
not enter the stationary phase (see BACTE-
RIAL GROWTH CURVE). Growth may also
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have to be maintained in a particular
growth phase if an enzyme or chemical
product is produced only during that
phase.

continuous function A function f(x) is
continuous at x = a if the limit of f(x) as x
approaches a is f(a). A function that does
not satisfy this condition is said to be a
discontinuous function.

continuous phase See COLLOIDS.
continuous spectrum See SPECTRUM.

continuous variation (quantitative
variation) The range of differences that
can be observed in many characteristics
in a population. Characteristics resulting
from *polygenic inheritance show contin-
uous variation, e.g. the wide range of foot
sizes in an adult human population. Com-
pare DISCONTINUOUS VARIATION.

continuous wave A wave that is trans-
mitted continuously rather than in pulses.

continuum A system of axes that form
a *frame of reference. The three dimen-
sions of space and the dimension of time
together can be taken to form a four-
dimensional continuum; this was sug-
gested by Minkowski in connection with
special *relativity.

contour A line drawn on a map or chart
that joins points with equal elevation
above (or below) a level (usually mean sea
level). Contours thus show the relief of
the land surface or sea bed (below sea
level the line is called a submarine con-
tour). The difference in height between
two consecutive contours is the contour
interval.

contour feathers *Feathers that are ar-
ranged in regular rows on a bird’s body,
giving the body its streamlined shape.
Each has a central horny shaft (the rachis)
with a flattened vane on each side. Each
vane is composed of two rows of filament-
like *barbs, which are connected to each
other by means of hooked *barbules to
form a smooth surface. There is often a
small second vane, the aftershaft, near
the base of the feather.

contraception See BIRTH CONTROL.

contractile root Any of the modified
adventitious roots that develop from the

base of the stem of a bulb or corm. The
new bulb or corm develops at a higher
level in the soil than the old one. The con-
tractile roots shorten and pull it down to
a suitable level.

contractile vacuole A membrane-
surrounded cavity in a cell that periodi-
cally expands, filling with water, and then
suddenly contracts, expelling its contents
to the cell’s exterior. It is thus an organ of
*osmoregulation and excretion. Contrac-
tile vacuoles are common in freshwater
sponges and typical of freshwater protoc-
tists, such as Amoeba (which has one
spherical vacuole) and Paramecium (in
which a number of accessory vacuoles are
attached to a main vacuole).

contraction (in animal physiology) The
shortening of muscle fibres in order to
exert a force on a tissue or organ of the
body. In striated muscle contraction is
brought about by interaction of actin and
myosin filaments (se¢ SARCOMERE; VOLUN-
TARY MUSCLE): it provides a force for *lo-
comotion and plays a role in maintaining
the balance and posture of the animal. See
also INVOLUNTARY MUSCLE.

control 1. The part of an experiment
that acts as a standard by which to com-
pare experimental observations. 2. The
natural regulation of biological processes.
See CONTROL MECHANISM. 3. See BIOLOGI-
CAL CONTROL; CHEMICAL CONTROL.

control grid A wire-mesh electrode
placed between the cathode and anode in
a *thermionic valve or a *cathode-ray
tube to control the flow of electrons from
one to the other. A fluctuating potential
signal fed to the control grid produces a
current signal at the anode with similar
but amplified fluctuations. It thus forms
the basis of the electronic valve amplifier.
In a cathode-ray tube the grid controls the
intensity of the electron beam and hence
the brightness of the image on the screen.

control mechanism (in biology) Any
mechanism that regulates a biological
process, such as a metabolic pathway or
enzyme-controlled reaction, or that helps
to maintain the *internal environment
(see HOMEOSTASIS). See also FEEDBACK.

control rod One of a number of rods of
a material, such as boron or cadmium,
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that absorbs neutrons. Control rods can
be moved into or out of the core of a *nu-
clear reactor to control the rate of the re-
action taking place within it.

control unit (CU) The part of the central
processor of a *computer that supervises
the execution of a computer program.

convection A process by which heat is
transferred from one part of a fluid to an-
other by movement of the fluid itself. In
natural convection the movement occurs
as a result of gravity; the hot part of the
fluid expands, becomes less dense, and is
displaced by the colder denser part of the
fluid as this drops below it. This is the pro-
cess that occurs in most domestic hot-
water systems between the boiler and the
hot-water cylinder. A natural convection
current is set up transferring the hot
water from the boiler up to the cylinder
(always placed above the boiler) so that
the cold water from the cylinder can
move down into the boiler to be heated.
In some modern systems, where small-
bore pipes are used or it is inconvenient
to place the cylinder above the boiler, the
circulation between boiler and hot-water
cylinder relies upon a pump. This is an ex-
ample of forced convection, where hot
fluid is transferred from one region to an-
other by a pump or fan.

conventional current A 19th-century
convention, still in use, that treats any
electrical current as a flow of positive
charge from a region of positive potential
to one of negative potential. The real mo-
tion, however, in the case of electrons
flowing through a metal conductor, is in
the opposite direction, from negative to
positive. In semiconductors *hole conduc-
tion is in the direction of the conventional
current; electron conduction is in the op-
posite direction.

convergent evolution The develop-
ment of superficially similar structures in
unrelated organisms, usually because the
organisms live in the same kind of envi-
ronment. Examples are the wings of in-
sects and birds and the streamlined bodies
of whales and fish. Compare ADAPTIVE RA-
DIATION.

convergent series Aseriesa; +a,+ ...
+a;+ ..., for which a partial sum S, =a, +

a, + ... +a, tends to a finite (or zero) limit
as 1 tends to infinity. This limit is the sum
of the series. For example, the series 1 +
1/2+1/4 +1/8 + ... (with the general term
a; equal to (1/2)""!) tends to the limit 2. A
series that is not convergent is said to be a
divergent series. In such a series the par-
tial sum tends to plus or minus infinity or
may oscillate. For example, the series 1 +
1/2 +1/3 + 1/4 + ... (with g; equal to 1/i) is
divergent. As can be seen from this latter
example, a series may be divergent even
if the individual terms g; tend to zero as i
tends to infinity.

converging lens or mirror A lens or
mirror that can refract or reflect a parallel
beam of light so that it converges at a
point (the principal focus). Such a mirror
is concave; a converging lens is thicker at
its centre than at its edges (i.e. it is bicon-
vex, plano-convex, or convexo-concave).
Compare DIVERGING LENS OR MIRROR.

conversion electron Se¢ INTERNAL CON-
VERSION.

converter 1. An electrical machine for
converting alternating current into direct
current, or less frequently, vice versa. 2.
The reaction vessel in the *Bessemer pro-
cess or some similar steel-making process.
3. A computer device for converting infor-
mation coded in one form into some
other form.

converter reactor A *nuclear reactor
that converts fertile material (e.g.
thorium-232) into *fissile material (e.g.
uranium-233). A converter reactor can
also be used to produce electrical power.

convex Curving outwards. A convex mir-
ror is one in which the reflecting surface
is formed from the exterior surface of a
sphere or paraboloid. A convex lens has at
least one face formed from the exterior
surface of a sphere. A biconvex lens has
both faces convex and is therefore thick-
est at its centre. The plano-convex lens
has one plane face and one convex face.
The convexo-concave lens (also called a
meniscus) has one convex face and one
*concave face. See LENS.

convoluted tubule See DISTAL cONVO-
LUTED TUBULE; PROXIMAL CONVOLUTED
TUBULE; NEPHRON.
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coolant A fluid used to remove heat
from a system by *convection (usually
forced), either to control the temperature
or to extract energy. In a water-cooled car
engine the coolant is water (or water and
antifreeze), which is pumped around the
engine and cooled in the radiator. In a
*nuclear reactor the coolant is used to
transfer the heat of the reaction from the
core to a heat exchanger or to the steam-
raising plant. In gas-cooled reactors the
coolant is usually carbon dioxide. Pressur-
ized water or boiling water is used as both
coolant and *moderator in several types
of reactor. In fast reactors, liquid sodium
is used as the coolant.

Cooper, Leon Sce BARDEEN, JOHN.

cooperative phenomenon A phe-
nomenon in which the constituents of a
system cannot be regarded as acting inde-
pendently from each other. Cooperative
phenomena result from interactions be-
tween the constituents. Phenomena that
can be described by the *liquid-drop
model of nuclei, such as nuclear fission,
are examples of cooperative phenomena
because they involve the *nucleus as a
whole rather than individual nucleons.
Other examples of cooperative phenom-
ena occur when a substance undergoes a
*phase transition, as in the phenomena
of ferromagnetism (see MAGNETISM) or
*superconductivity.

Cooper pairs See SUPERCONDUCTIVITY.

coordinate See CARTESIAN COORDINATES;
POLAR COORDINATES.

coordinate bond See CHEMICAL BOND.

coordinate geometry See ANALYTICAL
GEOMETRY.

coordinate system A system that
uniquely specifies points in a plane or in
three-dimensional space. The simplest co-
ordinate system is the *Cartesian coordi-
nate system. In a plane two coordinates
are necessary to specify a point. In three-
dimensional space three coordinates are
required. Many coordinate systems can be
used to specify a point; however, some-
times one particular coordinate system is
more convenient than others; indeed, cer-
tain problems can be solved in one coordi-
nate system but not in others. For

example, the Schrédinger equation for
the hydrogen atom can be solved using
spherical *polar coordinates but not using
Cartesian coordinates.

coordination (in animal physiology)
The processes involved in the reception of
sensory information, the integration of
that information, and the subsequent re-
sponse of the organism. Coordination is
controlled by regions of the brain that
deal with specific functions, such as loco-
motion and breathing, and is carried out
by the nervous system.

coordination compound A compound
in which coordinate bonds are formed (see
CHEMICAL BOND). The term is used espe-
cially for inorganic *complexes.

coordination number The number of
groups, molecules, atoms, or ions sur-
rounding a given atom or ion in a com-
plex or crystal. For instance, in a
square-planar complex the central ion has
a coordination number of four. In a close-
packed crystal (see CLOSE PACKING) the co-
ordination number is twelve.

Copepoda A class of crustaceans occur-
ring in marine and freshwater habitats.
Copepods are usually 0.5-2 mm long and
lack both a carapace and compound eyes.
Copepods are important members of
plankton: some are free-living, feeding on
microscopic organisms; others are para-
sitic. A familiar freshwater genus is
Cyclops, so named because the members
have a single median eye.

Copernican astronomy The system of
astronomy that was proposed by the Pol-
ish astronomer Nicolaus Copernicus in his
book De revolutionibus orbium coelestium,
which was published in the month of his
death and first seen by him on his
deathbed. It used some elements of
*Ptolemaic astronomy, but rejected the
notion, then current, that the earth was a
stationary body at the centre of the uni-
verse. Instead, Copernicus proposed the
apparently unlikely concept that the sun
was at the centre of the universe and that
the earth was hurtling through space in a
circular orbit about it. Galileo’s attempts,
some 70 years later, to convince the
Catholic church that in spite of scriptural
authority to the contrary, the Copernican
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system was correct, resulted in De revolu-
tionibus being placed on the Index of for-
bidden books, where it remained until
1835.

Copernicus, Nicolaus (Mikolaj
Kopernik; 1473-1543) Polish astronomer,
who studied mathematics and optics. By
1514 he had formulated his proposal that
the planets, including the earth, orbit the
sun in circular paths, although it was not
formally published until the year he died.
This refutation of an earth-centred uni-
verse raised hostile opposition from the
church as well as from other astronomers.

copolymer See POLYMER.

copper Symbol Cu. A red-brown *transi-
tion element; a.n. 29; r.a.m. 63.546; r.d.
8.92; m.p. 1083.4°C; b.p. 2567°C. Copper
has been extracted for thousands of years;
it was known to the Romans as cuprum, a
name linked with the island of Cyprus.
The metal is malleable and ductile and an
excellent conductor of heat and electric-
ity. Copper-containing minerals include
cuprite (Cu,0) as well as azurite
(2CuCO0;.Cu(OH),), chalcopyrite (CuFeS,),
and malachite (CuCO;.Cu(OH),). Native
copper appears in isolated pockets in
some parts of the world. The large mines
in the USA, Chile, Canada, Zambia, Demo-
cratic Republic of Congo, and Peru extract
ores containing sulphides, oxides, and car-
bonates. They are usually worked by
smelting, leaching, and electrolysis. Cop-
per metal is used to make electric cables
and wires. Its alloys, brass (copper-zinc)
and bronze (copper-tin), are used exten-
sively.

Water does not attack copper but in
moist atmospheres it slowly forms a char-
acteristic green surface layer (patina). The
metal will not react with dilute sulphuric
or hydrochloric acids, but with nitric acid
oxides of nitrogen are formed. Copper
compounds contain the element in the +1
and +2 oxidation states. Copper(I) com-
pounds are mostly white (the oxide is
red). Copper(Il) salts are blue in solution.
The metal also forms a large number of
coordination complexes.

copperas See IRON(II) SULPHATE.

copper(l) chloride A white solid com-
pound, CuCl; cubic; r.d. 4.14; m.p. 430°C;

b.p. 1490°C. It is obtained by boiling a so-
lution containing copper(Il) chloride, ex-
cess copper turnings, and hydrochloric
acid. Copper(]) is present as the [CuCl,|
complex ion. On pouring the solution into
air-free distilled water copper(I) chloride
precipitates. It must be kept free of air
and moisture as it oxidizes to copper(II)
chloride under those conditions.

Copper() chloride is essentially cova-
lent and its structure is similar to that of
diamond; i.e. each copper atom is sur-
rounded tetrahedrally by four chlorine
atoms and vice versa. In the vapour phase,
dimeric and trimeric species are present.
Copper(I) chloride is used in conjunction
with ammonium chloride as a catalyst in
the dimerization of ethyne to but-1-ene-3-
yne (vinyl acetylene), which is used in the
production of synthetic rubber. In the lab-
oratory a mixture of copper(I) chloride
and hydrochloric acid is used for convert-
ing benzene diazonium chloride to
chlorobenzene - the Sandmeyer reaction.

copper(ll) chloride A brown-yellow
powder, CuCl,; r.d. 3.386; m.p. 620°C. It
exists as a blue-green dihydrate (rhombic;
r.d. 2.54; loses H,O at 100°C). The anhy-
drous solid is obtained by passing chlorine
over heated copper. It is predominantly
covalent and adopts a layer structure in
which each copper atom is surrounded by
four chlorine atoms at a distance of 0.23
nm and two more at a distance of 0.295
nm. A concentrated aqueous solution is
dark brown in colour due to the presence
of complex ions such as [CuCl,*>". On dilu-
tion the colour changes to green and then
blue because of successive replacement of
chloride ions by water molecules, the final
colour being that of the [Cu(H,0)q** ion.
The dihydrate can be obtained by crystal-
lizing the solution.

copper glance A mineral form of cop-
per(I) sulphide, Cu,S.

copper(ll) nitrate A blue deliquescent
solid, Cu(NO;),.3H,0; r.d. 2.32; m.p.
114.5°C. It may be obtained by reacting ei-
ther copper(Il) oxide or copper(Il) carbon-
ate with dilute nitric acid and crystallizing
the resulting solution. Other hydrates con-
taining 6 or 9 molecules of water are
known. On heating it readily decomposes
to give copper(Il) oxide, nitrogen dioxide,
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and oxygen. The anhydrous form can be
obtained by reacting copper with a solu-
tion of nitrogen dioxide in ethyl ethano-
ate. It sublimes on heating suggesting that
it is appreciably covalent.

copper(l) oxide A red insoluble solid,
Cu,0; r.d. 6.0; m.p. 1235°C. It is obtained
by reduction of an alkaline solution of
copper(Il) sulphate. Since the addition of
alkalis to a solution of copper(Il) salt re-
sults in the precipitation of copper(Il) hy-
droxide the copper(Il) ions are complexed
with tartrate ions; under such conditions
the concentration of copper(Il) ions is so
low that the solubility product of
copper(Il) hydroxide is not exceeded.
When copper(]) oxide reacts with dilute
sulphuric acid a solution of copper(Il) sul-
phate and a deposit of copper results, i.e.
disproportionation occurs.

Cu,0 + 2H" - Cu?** + Cu + H,0

When dissolved in concentrated hydro-
chloric acid the [CuCl,|” complex ion is
formed. Copper(l) oxide is used in the
manufacture of rectifiers and the produc-
tion of red glass.

copper(ll) oxide A black insoluble
solid, CuO; monoclinic; r.d. 6.3; m.p.
1326°C. It is obtained by heating either
copper(Il) carbonate or copper(Il) nitrate.
It decomposes on heating above 800°C to
copper(I) oxide and oxygen. Copper(Il)
oxide reacts readily with mineral acids on
warming, with the formation of copper(Il)
salts; it is also readily reduced to copper
on heating in a stream of hydrogen. Cop-
per(Il) oxide is soluble in dilute acids
forming blue solutions of cupric salts.

copper pyrites See CHALCOPYRITE.

copper(ll) sulphate A blue crystalline
solid, CuS0,.5H,0; triclinic; r.d. 2.284. The
pentahydrate loses 4H,0 at 110°C and the
fifth H,O at 150°C to form the white anhy-
drous compound (rhombic; r.d. 3.6; de-
composes above 200°C). The pentahydrate
is prepared either by reacting copper(Il)
oxide or copper(Il) carbonate with dilute
sulphuric acid; the solution is heated to
saturation and the blue pentahydrate crys-
tallizes out on cooling (a few drops of di-
lute sulphuric acid are generally added to
prevent hydrolysis). It is obtained on an
industrial scale by forcing air through a

hot mixture of copper and dilute sul-
phuric acid. In the pentahydrate each cop-
per(Il) ion is surrounded by four water
molecules at the corner of a square, the
fifth and sixth octahedral positions are oc-
cupied by oxygen atoms from the sul-
phate anions, and the fifth water
molecule is held in place by hydrogen
bonding. Copper(Il) sulphate has many in-
dustrial uses, including the preparation of
the Bordeaux mixture (a fungicide) and
the preparation of other copper com-
pounds. It is also used in electroplating
and textile dying and as a timber preser-
vative. The anhydrous form is used in the
detection of traces of moisture.

Copper(Il) sulphate pentahydrate is also
known as blue vitriol.

copulation See SEXUAL INTERCOURSE.

coral Any of a group of sedentary colo-
nial marine invertebrates belonging to
the class Anthozoa of the phylum
*Cnidaria. A coral colony consists of indi-
vidual *polyps within a protective skel-
eton that they secrete: this skeleton may
be soft and jelly-like, horny, or stony. The
horny skeleton secreted by corals of the
genus Corallium, especially C. rubrum, con-
stitutes the red, or precious, coral used as
a gemstone. The skeleton of stony, or
true, corals consists of almost pure cal-
cium carbonate and forms the coral reefs
common in tropical seas.

cordite An explosive mixture of cellu-
lose nitrate and nitroglycerin, with added
plasticizers and stabilizers, used as a pro-
pellant for guns.

core 1. Arod or frame of magnetic ma-
terial that increases the inductance of a
coil through which it passes. Cores are
used in transformers, electromagnets, and
the rotors and stators of electrical ma-
chines. It may consist of laminated metal,
ferrite, or compressed ferromagnetic par-
ticles in a matrix of an insulating binder
(dust core). 2. The inner part of a *nu-
clear reactor in which the nuclear reac-
tion takes place. 3. The devices that make
up the memory in certain types of com-
puter. 4. The central region of a star or
planet.

Coriolis force A fictitious force some-
times used to simplify calculations involv-
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ing rotating systems, such as the move-
ment of air, water, and projectiles over
the surface of the rotating earth. The con-
cept was first used in 1835 by Gaspard de
Coriolis (1792-1843), a French physicist.
The daily rotation of the earth means that
in 24 hours a point on its equator moves a
distance of some 40 000 kilometres, giv-
ing it a tangential velocity of about 1670
kilometres per hour. A point at the lati-
tude of, say, Rome, travels a shorter dis-
tance in the same time and therefore has
a lower tangential velocity - about

1340 km/hr. Air over the equator has the
full tangential velocity of 1670 km/hr and
as it travels north, say, it will retain this
velocity; to an observer outside the earth
this would be clear. However, to an ob-
server in Rome it appears to be moving
eastwards, because the earth at that point
is moving eastwards more slowly than the
air. The Coriolis force (which is quite ficti-
tious) is the force that a naive observer
thinks is needed to push the air east-
wards.

cork (phellem) A protective waterproof
plant tissue produced by the *cork cam-
bium. It develops in plants undergoing
*secondary growth and replaces the epi-
dermis. Its cells, whose walls are impreg-
nated with *suberin, are arranged in
radial rows and fit closely together except
where the cork is interrupted by *lenti-
cels. Some cork cells become air-filled
while others contain deposits of lignin,
tannins, and fatty acids, which give the
cork a particular colour. The cork oak
(Quercus suber) produces cork that can be
used commercially.

cork cambium (phellogen) A type of
*cambium arising within the outer layers
of the stems of woody plants, usually as a
complete ring surrounding the inner tis-
sues. The cells of the cork cambium divide
to produce an outer corky tissue (*cork or
phellem) and an inner secondary cortex
(phelloderm). Cork, cork cambium, and
phelloderm together make up the peri-
derm, an impermeable outer layer that
protects the inner stem tissues if the
outer tissues split as the stem girth in-
creases with age. It thus takes over the
functions of the epidermis.

corm An underground organ formed by

certain plants, e.g. crocus and gladiolus,
that enables them to survive from one
growing season to the next (see illustra-
tion). It consists of a short swollen food-
storing stem surrounded by protective
scale leaves. One or more buds in the axils
of scale leaves produce new foliage leaves
and flowers in the subsequent season,
using up the food stored in the stem. Com-
pare BULB.

scale
leaves
swollen
stem

flower and
foliage leaves

corm shrivels as
food used for
growing plant

spring

withered new bud
foliage

leaves

swelling stem
forming new
corm

autumn

Development of a corm

cornea A transparent layer of tissue,
continuous with the *sclerotic, that forms
the front part of the vertebrate eye, over
the iris and lens. The cornea refracts light
entering the eye onto the lens, thus assist-
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ing in the focusing of images onto the
*retina. See also ASTIGMATISM.

cornification See KERATINIZATION.

CORN rule See ABSOLUTE
CONFIGURATION.

corolla The *petals of a flower, collec-
tively, forming the inner whorl of the
*perianth. It encircles the stamens and
carpels. The form of the corolla is very
variable. The petals may either be free
(polypetalous) or united to form a tube
(gamopetalous or sympetalous).

corona 1. The outer part of the sun’s at-
mosphere. Its two main components are
the K-corona (or inner corona), with a
temperature of about 2 x 10° K at a height
of some 75 000 km, and the F-corona (or
outer corona), which is considerably
cooler and extends for several million
kilometres into space. 2. A glowing re-
gion of the air surrounding a conductor
when the potential gradient near it ex-
ceeds a critical value. It is caused by
ionization of the air and may be ac-
companied by hissing sounds. Corona
discharge (or point discharge) occurs at
sharp points where the surface charge
density is high by the attraction, charg-
ing, and consequent repulsion of air mol-
ecules.

coronary vessels Two pairs of blood
vessels (the coronary arteries and coro-
nary veins) that supply the muscles of the
heart itself. The coronary arteries arise
from the aorta and divide into branches
that encircle the heart. A blood clot in a
coronary artery (coronary thrombosis) is
one of the causes of a ‘heart attack’.

corpus callosum The sweeping band
(commissure) of *white matter that pro-
vides a connection between the two
halves of the cerebrum in the brain. It en-
ables the transfer of information from
one cerebral hemisphere to the other.

corpuscular theory See LIGHT.

corpus luteum (yellow body) The yel-
lowish mass of tissue that forms in the
cavity of a *Graafian follicle in the ovary
of a mammal after the release of the egg
cell. It secretes the hormone *proges-
terone. Some species of sharks, reptiles,
and birds have similar structures in their

ovaries but the function of these is less
well understood.

corrosion Chemical or electrochemical
attack on the surface of a metal. See also
ELECTROLYTIC CORROSION; RUSTING.

cortex 1. (in botany) The tissue between
the epidermis and the vascular system in
plant stems and roots. It is composed of
*parenchyma cells and shows little or no
structural differentiation. Cortex is pro-
duced by activity of the *apical meristem.
See also ENDODERMIS. 2. (in zoology) The
outermost layer of tissue of various or-
gans, including the adrenal glands
(adrenal cortex), kidneys (renal cortex),
and cerebral hemispheres (see CEREBRAL
CORTEX).

corticosteroid Any of several hor-
mones produced by the cortex of the
*adrenal glands. Glucocorticoids regulate
the use of carbohydrates, proteins, and
fats in the body and include *cortisol and
*cortisone. Mineralocorticoids regulate
salt and water balance (see ALDOSTERONE).

corticotrophin See ACTH.

cortisol (hydrocortisone) A hormone (see
CORTICOSTEROID), produced by the adrenal
glands, that promotes the synthesis and
storage of glucose and is therefore impor-
tant in the normal response to stress, sup-
presses or prevents inflammation, and
regulates deposition of fat in the body. It
is used as treatment for various allergies
and for rheumatic fever, certain skin con-
ditions, and adrenal failure (Addison’s dis-
ease).

cortisone A biologically inactive
*corticosteroid produced in the adrenal
glands from the active hormone *cortisol,
which is structurally very similar to it.
Cortisone is reconverted to cortisol in the
liver and other organs. Cortisone may be
administered therapeutically as an inac-
tive precursor (prodrug) of cortisol.

corundum A mineral form of alu-
minium oxide, Al,O;. It crystallizes in

the trigonal system and occurs as well-
developed hexagonal crystals. It is colour-
less and transparent when pure but the
presence of other elements gives rise to a
variety of colours. *Ruby is a red variety
containing chromium; *sapphire is a blue
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variety containing iron and titanium.
Corundum occurs as a rock-forming min-
eral in both metamorphic and igneous
rocks. It is chemically resistant to weath-
ering processes and so also occurs in allu-
vial (placer) deposits. The second hardest
mineral after diamond (it has a hardness
of 9 on the Mohs’ scale), it is used as an
abrasive.

corymb A type of flowering shoot (see
RACEMOSE INFLORESCENCE) in which the
lower flower stalks are longer than the
higher ones, resulting in a flat-topped
cluster of flowers. Examples are candytuft
and wallflower.

€OS See TRIGONOMETRIC FUNCTIONS.
cosecant See TRIGONOMETRIC FUNCTIONS.
cosech See HYPERBOLIC FUNCTIONS.

cosh See HYPERBOLIC FUNCTIONS.

cosine Se¢ TRIGONOMETRIC FUNCTIONS.

cosine rule In any triangle, with sides
of length a, b, and ¢, ¢ = a? + b? - 2abcos8,
where 0 is the angle between sides a and
b.

cosmic censorship A hypothesis con-
cerning singularities and *black holes in
the general theory of *relativity. It was
suggested in 1969 by the British physicist
Roger Penrose (1931- ). The cosmic cen-
sorship conjecture asserts that all singular-
ities in general relativity are hidden
behind an event horizon. The conjecture
has never been proved mathematically, al-
though there is some evidence for it in
many situations. Even if cosmic censor-
ship is not correct, singularities would not
be seen experimentally if the singularities
are removed by *quantum gravity. It may
be that in classical general relativity the
cosmic censorship hypothesis is true for
‘reasonable’ physical situations but that it
is possible to construct counter-examples
to it for various special situations.

cosmic radiation High-energy particles
that fall on the earth from space. Primary
cosmic rays consist of nuclei of the most
abundant elements, with *protons (hydro-
gen nuclei) forming by far the highest
proportion; electrons, positrons, neutri-
nos, and gamma-ray photons are also
present. The particle energies range from

107! J to 10 ] (108 to 10%° eV) and as they
enter the earth’s atmosphere they collide
with oxygen and nitrogen nuclei produc-
ing secondary cosmic rays. The secondary
rays consist of elementary particles and
gamma-ray photons. A single high-energy
primary particle can produce a large
shower of secondary particles. The
sources of the primary radiation are not
all known, although the sun is believed to
be the principal source of particles with
energies up to about 10%° eV. It is believed
that all particles with energies of less than
108 eV originate within the Galaxy.

cosmic string See STRING.

cosmid A hybrid *vector, used in *gene
cloning, that includes the cos gene (from
the lambda bacteriophage). It also con-
tains drug resistance *marker genes and
other plasmid genes. Cosmids can incor-
porate larger DNA fragments than either
phage or plasmid vectors alone and are es-
pecially suitable for cloning large mam-
malian genes or multigene fragments.

cosmoid scale See SCALES.

cosmological constant A term that
can be added to Einstein’s field equation
for general *relativity theory. The cosmo-
logical constant is independent of space
and time. It was put forward by Einstein
in 1917 to allow for the possibility of a
static universe. Although the discovery of
the *expansion of the universe removed
the original motivation for the cosmologi-
cal constant, the discovery that the ex-
pansion of the universe is accelerating
suggests that the constant has a non-zero
value, albeit by a factor of 10'2° smaller
than expected theoretically. Explaining
this small non-zero value is one of the
main challenges for theoretical physics at
the present time.

cosmological principle The claim that
on extremely large scales, i.e. much
greater scales than those associated with
*large-scale structure, the universe is ho-
mogeneous and isotropic. There is some
evidence that the cosmological principle
is valid, notably from the cosmic micro-
wave background radiation, but it cannot
be said to have been demonstrated con-
clusively.

cosmology The study of the nature, ori-
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cotyledon

gin, and evolution of the universe. Vari-
ous theories concerning the origin and
evolution of the universe exist. See
Chronology. See also BIG-BANG THEORY;
STEADY-STATE THEORY; EARLY UNIVERSE.

cotangent See TRIGONOMETRIC FUNC-
TIONS.

coth See HYPERBOLIC FUNCTIONS.

Cottrell precipitator An electrostatic
precipitator used to remove dust particles
from industrial waste gases, by attracting
them to charged grids or wires.

cotyledon (seed leaf) A part of the em-
bryo in a seed plant. The number of
cotyledons is an important feature in clas-
sifying plants. Among the flowering
plants, the class known as *Monocotyle-
doneae have a single cotyledon and *Di-
cotyledoneae have two. Conifers have
either two cotyledons, as in Taxus (yews),
or five to ten, as in Pinus (pines). In seeds
without an *endosperm, e.g. garden pea
and broad bean, the cotyledons store
food, which is used in germination. In
seeds showing *epigeal germination, e.g.
runner bean, they emerge above the soil

COSMOLOGY

260 BC

¢.150 ap
centred universe.
1543 Copernicus publishes his sun-centred theory of the universe (solar
system).
1576
universe is infinite (because stars are at varying distances).
1584
is infinite.
1633
the Roman Catholic Inquisition to recant.
1854
dynamics.
1917 Einstein proposes a static universe theory.
1922 Russian astronomer Alexander Friedmann proposes the expanding
universe theory.
1927 George Lemaitre proposes the big-bang theory of the universe.
1929 Edwin Hubble demonstrates the expansion of the universe.
1948 US physicists George Gamow (1904-68), Ralph Alpher (1921-
Hans Bethe (1906—
bang would have produced a microwave background.
British astronomers Herman Bondi (1919-
1965 US astrophysicists Arno Penzias (1933-
discover the microwave background radiation.
1980 US physicist Allan Guth (1947-
the universe.
1992

Greek astronomer Aristarchus of Samos (c. 320-230 Bc) proposes a sun-
centred universe.

Greek-Egyptian astronomer Ptolemy (2nd century Ap) proposes an earth-

English mathematician Thomas Digges (c. 1546-95) proposes that the
Italian philosopher Giordano Bruno (1548-1600) states that the universe
Galileo champions Copernicus's sun-centred universe, but is forced by

Helmholtz predicts the heat death of the universe, based on thermo-

), and
) develop the big-bang theory, and the o-B-y
theory of the origin of the elements; Alpher also predicts that the big

), Thomas Gold (1920-
2004), and Fred Hoyle propose the steady-state theory of the universe.

) and Robert Wilson (1936 )

) proposes the inflationary theory of

US COBE astronomical satellite detects ripples in residual cosmic
radiation (cited as evidence of the big bang).
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surface and become the first photosyn-
thetic leaves.

coudé system See TELESCOPE.

coulomb Symbol C. The *SI unit of elec-
tric charge. It is equal to the charge trans-
ferred by a current of one ampere in one
second. The unit is named after Charles
de Coulomb.

Coulomb, Charles Augustin de
(1736-1806) French physicist, who served
as an army engineer in Martinique before
returning to France. He is best known for
his 1785 proposal of *inverse-square laws
to describe the interaction between elec-
trical charges and between magnets (see
COULOMB’S LAW), which he proved experi-
mentally using a *torsion balance.

Coulomb explosion The sudden dis-
ruption of a molecule from which the
electrons have been stripped to leave only
the nuclei, which repel each other be-
cause of their electric charge. The tech-
nique of coulomb explosion imaging uses
this effect to investigate the shape of mol-
ecules. A beam of high-energy neutral
molecules is produced by first adding elec-
trons, accelerating the ions in an electric
field, and then removing the electrons.
The beam collides with a thin metal foil
having a thickness of about 30 atoms. As
the molecules pass through this foil their
electrons are scattered and only the nuclei
of the molecules emerge. The process oc-
curs within a very short period of time,
shorter than the time required for a com-
plete molecular vibration, and conse-
quently the nuclei retain the molecular
shape until they are suddenly repulsed by
the like charges. The nuclei then impinge
on a detector that records their velocity
and direction, thus enabling the spatial ar-
rangement of the original molecule to be
derived.

Coulomb field Sce cOULOMB’S LAW.
Coulomb force See COULOMB’S LAW.

Coulomb’s law The force (sometimes
called the Coulomb force) between two
charged particles, regarded as point
charges Q, and Q, a distance d apart, is
proportional to the product of the charges
and inversely proportional to the square
of the distance between them. The law is

now usually stated in the form F=
Q4Q,/4ned?, where ¢ is the absolute *per-
mittivity of the intervening medium. & =
€€y, where ¢, is the relative permittivity
(the dielectric constant) and g, is the elec-
tric constant. The electric field surround-
ing a point charge is called the Coulomb
field and the scattering of charged parti-
cles by the Coulomb field surrounding an
atomic nucleus is called Coulomb scatter-
ing. The law was first published by
Charles de Coulomb in 1785.

counter Any device for detecting and
counting objects or events, often incident
charged particles or photons. The latter
devices usually work by allowing the par-
ticle to cause ionization, which creates a
current or voltage pulse. The pulses are
then counted electronically. See CERENKOV
COUNTER; CRYSTAL COUNTER; GEIGER
COUNTER; PROPORTIONAL COUNTER; SCIN-
TILLATION COUNTER; SPARK COUNTER.
These names are often applied merely to
the actual detectors; the ancillary count-
ing mechanism is then called a *scaler.

countercurrent heat exchange A
*counterflow mechanism that enables
fluids at different temperatures flowing in
channels in opposite directions to ex-
change their heat content without mix-
ing. An example of countercurrent heat
exchange occurs in the feet of penguins,
in which heat from blood in the arteries
supplying the feet is transferred to blood
returning to the body’s core in veins that
lie close to these arteries. This helps to
maintain the core temperature in freezing
conditions.

counterflow The flow of two fluids in
apposed vessels in opposite directions. In
biological systems such an arrangement
enables the efficient transfer of heat, ions,
molecules, etc., from fluids that are rich
in these resources to fluids that are defi-
cient in them.

country rock (host rock) Older rock that
surrounds veins of minerals or an igneous
magma *intrusion, such as a *batholith.
The extreme heat of the intrusion may
cause changes (contact metamorphism) in
the composition of the adjacent country
rock.

couple Two equal and opposite parallel
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Cowper’s glands

forces applied to the same body that do
not act in the same line. The forces create
a torque, the *moment of which is equal
to the product of the force and the per-
pendicular distance between them.

coupling 1. (in physics) An interaction
between two different parts of a system or
between two or more systems. Examples
of coupling in the *spectra of atoms and
nuclei are *Russell-Saunders coupling,
*j-j coupling, and spin-orbit coupling. In
the spectra of molecules there are five
idealized ways (called the Hund coupling
cases) in which the different types of an-
gular momentum in a molecule (the elec-
tron orbital angular momentum L, the
electron spin angular momentum S, and
the angular momentum of nuclear rota-
tion N) couple to form a resultant angular
momentum J. (In practice, the coupling
for many molecules is intermediate be-
tween Hund'’s cases due to interactions,
which are ignored in the idealized cases.)
In *solid-state physics an example of cou-
pling is electron-phonon coupling, the
analysis of which gives the theories of
electrical *conductivity and *supercon-
ductivity. See also COUPLING CONSTANT.

2. (in chemistry) A type of chemical reac-
tion in which two molecules join to-
gether; for example, the formation of an
*azo compound by coupling of a diazo-
nium ion with a benzene ring.

coupling constant A physical constant
that is a measure of the strength of inter-
action between two parts of a system or
two or more systems. In the case of a
*field theory, the coupling constant is a
measure of the magnitude of the force ex-
erted on a particle by a field. In the case of
a *quantum field theory, a coupling con-
stant is not constant but is a function of
energy, the dependence on energy being
described by the *renormalization group.
See also COUPLING; ASYMPTOTIC FREEDOM.

courtship Behaviour in animals that
plays a part in the initial attraction of a
mate or as a prelude to copulation.
Courtship often takes the form of *dis-
plays that have evolved through *ritual-
ization; some are derived from other
contexts (e.g. food begging in some birds).
Chemical stimuli (see PHEROMONE) are also
important in many mammals and insects.

As well as ensuring that the prospective
mate is of the same species, the male’s
courtship performance allows females to
choose between different males. The later
stages of courtship may involve both part-
ners in an alternating series of displays
that inhibit *aggression and fear re-
sponses and ensure synchrony of sexual
arousal.

COV See CROSSOVER VALUE.
covalent bond See CHEMICAL BOND.

covalent crystal A crystal in which the
atoms are held together by covalent
bonds. Covalent crystals are sometimes
called macromolecular or giant-molecular
crystals. They are hard high-melting sub-
stances. Examples are diamond and boron
nitride.

covalent radius An effective radius as-
signed to an atom in a covalent com-
pound. In the case of a simple diatomic
molecule, the covalent radius is half the
distance between the nuclei. Thus, in Cl,
the internuclear distance is 0.198 nm so
the covalent radius is taken to be 0.099
nm. Covalent radii can also be calculated
for multiple bonds; for instance, in the
case of carbon the values are 0.077 nm for
single bonds, 0.0665 nm for double bonds,
and 0.0605 nm for triple bonds. The val-
ues of different covalent radii can some-
times be added to give internuclear
distances. For example, the length of the
bond in interhalogens (e.g. CIBr) is nearly
equal to the sum of the covalent radii of
the halogens involved. This, however, is
not always true because of other effects
(e.g. ionic contributions to the bonding).

covariance In *statistics, a measure of

the association between a pair of random
variables. It equals the expected value of

the product of their deviations (from the

mean value). For two sets of observations
(X1,Y1)s- - -»(X5,Yn), Where X is the mean of x;

and y is the mean of y,, it is given by

(1fn) X(x - %) (v - )
See also VARIANCE.

Cowan, Clyde See PAULI, WOLFGANG
ERNST.

Cowper’s glands (bulbourethral glands)
A pair of pea-sized glands that lie beneath
the prostate gland. Cowper’s glands se-
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crete an alkaline fluid that forms part of
the *semen. This fluid neutralizes the
acidic environment of the urethra,
thereby protecting the sperm. The glands
are named after William Cowper
(1666-1709). See also SEMINAL VESICLE.

coxa The first segment, attached to the
thorax, of an insect’s leg. See also FEMUR;
TROCHANTER.

CP invariance The symmetry generated
by the combined operation of changing
*charge conjugation (C) and *parity (P). CP
violation occurs in weak interactions in
kaon decay and in *B-mesons. See also CPT
THEOREM; TIME REVERSAL.

CPT theorem The theorem that the
combined operation of changing *charge
conjugation C, *parity P, and *time rever-
sal T, denoted CPT, is a fundamental
*symmetry of relativistic *quantum field
theory. No violation of the CPT theorem is
known experimentally. When C, P, and T
(or any two of them) are violated, the
principles of relativistic quantum field
theory are not affected; however, viola-
tion of CPT invariance would drastically
alter the fundamentals of relativistic
quantum field theory. It is not known
whether *superstrings obey versions of
the CPT theorem.

CPU (central processing unit) The main
operating part of a *computer; it includes
the control unit (CU) and the arithmetic/
logic unit (see ALU). Its function is to fetch
instructions from memory, decode them,
and execute the program. It also provides
timing signals. An *integrated circuit that
has a complete CPU on a single silicon
chip is called a microprocessor.

cracking The process of breaking down
chemical compounds by heat. The term is
applied particularly to the cracking of
hydrocarbons in the kerosine fraction ob-
tained from *petroleum refining to give
smaller hydrocarbon molecules and
alkenes. It is an important process, both
as a source of branched-chain hydrocar-
bons suitable for gasoline (for motor fuel)
and as a source of ethene and other
alkenes. Catalytic cracking is a similar pro-
cess in which a catalyst is used to lower
the temperature required and to modify
the products obtained.

cranial nerves Ten to twelve pairs of
nerves in vertebrates that emerge directly
from the brain. They supply the sense or-
gans and muscles of the head, neck, and
viscera. Examples of cranial nerves in-
clude the *optic nerve (II) and the *vagus
nerve (X). With the *spinal nerves, the
cranial nerves form an important part of
the *peripheral nervous system.

cranial reflex See REFLEX.
Craniata See CHORDATA.

cranium (brain case) The part of the ver-
tebrate *skull that encloses and protects
the brain. It is formed by the fusion of
several flattened bones, which have im-
movable joints (sutures) between them.

cream of tartar See POTASSIUM HYDRO-
GENTARTRATE.

creatine A compound, synthesized from
the amino acids arginine, glycine, and me-
thionine, that occurs in muscle. In the
form of creatine phosphate (or phospho-
creatine), it is an important reserve of en-
ergy for muscle contraction, which is
released when creatine phosphate loses
its phosphate and is converted to creati-
nine, which is excreted in the urine (at a
rate of 1.2-1.5 g/day in humans). See also
PHOSPHAGEN.

creatinine See CREATINE.

creationist A proponent of the theory
of *special creation.

creep The continuous deformation of a
solid material, usually a metal, under a
constant stress that is well below its yield
point. It usually only occurs at high tem-
peratures and the creep characteristics of
any material destined to be used under
conditions of high stress at high tempera-
tures must be investigated.

cremocarp A dry fruit that is a type of
*schizocarp formed from two one-seeded
carpels. The carpels remain separate and
form indehiscent mericarps that are at-
tached to a central supporting strand (car-
pophore) for some time before dispersal.
It is characteristic of the Umbelliferae
(Apiaceae; carrot family).

crenation The shrinkage of cells that oc-
curs when the surrounding solution is
*hypertonic to the cellular cytoplasm.
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critical mass

Water leaves the cells by *osmosis, which
causes the plasma membrane to wrinkle
and the cellular contents to condense.

creosote 1. (wood creosote) An almost
colourless liquid mixture of phenols ob-
tained by distilling tar obtained by the de-
structive distillation of wood. It is used
medically as an antiseptic and expecto-
rant. 2. (coal-tar creosote) A dark liquid
mixture of phenols and cresols obtained
by distilling coal tar. It is used for preserv-
ing timber.

cresols See METHYLPHENOLS.

Cretaceous The final geological period
of the Mesozoic era. It extended from
about 144 million years ago, following the
Jurassic, to about 65 million years ago,
when it was succeeded by the Palaeocene
epoch. The name of the period is derived
from creta (Latin: chalk) and the Creta-
ceous was characterized by the deposition
of large amounts of *chalk in western Eu-
rope. The Cretaceous was the time of
greatest flooding in the Mesozoic. An-
giosperm plants made their first appear-
ance on land and in the early Cretaceous
Mesozoic reptiles reached their peak. At
the end of the period there was a *mass
extinction of the dinosaurs, flying reptiles,
and ammonites, the cause of which may
be related to environmental changes re-
sulting from collisions of the earth with
large meteorites (see ALVAREZ EVENT; IRID-
IUM ANOMALY).

Creutzfeldt-Jakob disease (CJD) A
disease of humans characterized by de-
mentia and destruction of brain tissue,
first described by the German psychia-
trists H. G. Creutzfeldt (1885-1964) and A.
M. Jakob (1884-1931). It is now known to
be caused by an abnormal *prion protein
and is transmissible, although there is
also an inherited familial form. This rare
disease typically affects middle-aged and
elderly people and leads to rapid mental
deterioration and death. The abnormal
prion interferes with the structure of nor-
mal prion protein in brain tissue, result-
ing in accumulations of the protein and
consequent tissue damage. In most cases
the source of infection is unknown. How-
ever, it is well established that infection
can result, for example, via injections of
growth hormone derived from infected

human cadavers. During the 1990s a
novel form of the disease emerged, called
variant CJD, which typically affects young
healthy individuals. This is thought to be
caused by consumption of beef products
derived from cattle infected with *bovine
spongiform encephalopathy.

Crick, Francis Harry Compton
(1916-2004) British molecular biologist,
who in 1951 teamed up with James *Wat-
son at Cambridge University to try to find
the structure of *DNA. This they achieved
in 1953, using the X-ray diffraction data of
Rosalind Franklin (1920-58) and Maurice
Wilkins (1916-2004). Crick went on to in-
vestigate *codons and the role of transfer
*RNA. Crick, Watson, and Wilkins shared
a Nobel Prize in 1962.

crista 1. See SEMICIRCULAR CANALS. 2. See
MITOCHONDRION.

cristobalite A mineral form of
*silicon(IV) oxide, SiO,.

critical angle See TOTAL INTERNAL RE-
FLECTION.

critical damping See DAMPING.

critical density In astronomy, the
mean density of the universe below
which value it is an expanding and con-
tinuously open system. The luminous ma-
terial in the universe (galaxies, etc.) is
estimated to account for about 10% of this
figure. The remainder is thought to con-
sist mainly of dark matter (see MISSING
MASS).

critical group A large group of related
organisms that, although variations exist
between them, cannot be divided into
smaller groups of equivalent taxonomic
rank to the parent group. Critical groups
are found among plants that reproduce by
*apomixis; for example, the 400 or so
species of Rubus (brambles, etc.) are re-
garded as a critical group.

critical mass The minimum mass of fis-
sile material that will sustain a nuclear
*chain reaction. For example, when a nu-
cleus of uranium-235 disintegrates two or
three neutrons are released in the pro-
cess, each of which is capable of causing
another nucleus to disintegrate, so creat-
ing a chain reaction. However, in a mass
of U-235 less than the critical mass, too
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many neutrons escape from the surface of
the material for the chain reaction to pro-
ceed. In the atom bomb, therefore, two or
more subcritical masses have to be
brought together to make a mass in ex-
cess of the critical mass before the bomb
will explode.

critical pressure The pressure of a fluid
in its *critical state; i.e. when it is at its
critical temperature and critical volume.

critical reaction A nuclear *chain
reaction in which, on average, one trans-
formation causes exactly one other trans-
formation so that the chain reaction is
self-sustaining. If the average number of
transformations caused by one transfor-
mation falls below one, the reaction is
subcritical and the chain reaction ceases;
if it exceeds one the reaction is supercriti-
cal and proceeds explosively.

critical state The state of a fluid in
which the liquid and gas phases both
have the same density. The fluid is then at
its *critical temperature, *critical pres-
sure, and *critical volume.

critical temperature 1. The tempera-
ture above which a gas cannot be
liquefied by an increase of pressure. See
also CRITICAL STATE. 2. See TRANSITION
POINT.

critical volume The volume of a fixed
mass of a fluid in its *critical state; i.e.
when it is at its critical temperature and
critical pressure. The critical specific vol-
ume is its volume per unit mass in this
state: in the past this has often been
called the critical volume.

CRO See CATHODE-RAY OSCILLOSCOPE.

Cromagnon man The earliest form of
modern humans (Homo sapiens), which is
believed to have appeared in Europe
about 35 000 years ago and possibly at
least 70 000 years ago in Aftica and Asia.
Fossils indicate that these hominids were
taller and more delicate than *Neander-
thal man, which they replaced. They used
intricately worked tools of stone and bone
and left the famous cave drawings at Las-
caux in the Dordogne. The name is de-
rived from the site at Cromagnon, France,
where the first fossils were found in 1868.

Crookes, Sir William (1832-1919)

British chemist and physicist, who in

1861 used *spectroscopy to discover *thal-
lium and in 1875 invented the radiome-
ter. He also developed an improved
vacuum tube (Crookes’ tube) for studying
gas discharges.

crop 1. A plant that is cultivated for the
purpose of harvesting its seeds, roots,
leaves, or other parts that are useful to
humans. See AGRICULTURE. 2. An enlarged
portion of the anterior section of the ali-
mentary canal in some animals, in which
food may be stored and/or undergo pre-
liminary digestion. The term is most com-
monly applied to the thin-walled sac in
birds between the oesophagus and the
*proventriculus. In female pigeons the
crop contains glands that secrete crop
milk, used to feed nestlings.

crop rotation An agricultural practice
in which different crops are cultivated in
succession on the same area of land over a
period of time so as to maintain soil fertil-
ity and reduce the adverse effects of pests.
Legumes are important in the rotation as
they are a source of nitrogen for the soil
(see NITROGEN FIXATION; ROOT NODULE). In
the UK, other crops that may be included
in a typical four-stage rotation are wheat,
barley, and root crops. However, the use
of pesticides enables the monoculture of
crops in modern farming systems (see
AGRICULTURE).

cross 1. A mating between two selected
individuals. Controlled crosses are made
for many reasons, e.g. to investigate the
inheritance of a particular characteristic
or to improve a livestock or crop variety.
See also BACK CROSS; RECIPROCAL CROSS;
TEST CROSS. 2. An organism resulting
from such a mating.

cross-fertilization See FERTILIZATION.

crossing over An exchange of portions
of chromatids between *homologous
chromosomes. As the chromosomes begin
to move apart at the end of the first
prophase of *meiosis, they remain in con-
tact at a number of points (see CHIASMA).
At these points the chromatids break and
rejoin in such a way that sections are ex-
changed (see illustration). Crossing over
thus alters the pattern of genes in the
chromosomes. See RECOMBINATION.
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Crossing over at two chiasmata in a pair of
homologous chromosomes

cross linkage A short side chain of
atoms linking two longer chains in a poly-
meric material.

crossover value (COV) The percentage
of linked genes (see LINKAGE) that are ex-
changed during the process of *crossing
over during the first prophase of *meiosis.
The COV can be calculated by the percent-
age of offspring that show *recombina-
tion and is used to map the genes on a
chromosome (see CHROMOSOME MAP). A
small COV for a given pair of genes indi-
cates that the genes are situated close to-
gether on the chromosome.

cross-pollination See POLLINATION.

O oxygen

cross product See VECTOR PRODUCT.

cross section 1. A plane surface formed
by cutting a solid, especially by cutting at
right angles to its longest axis. 2. The
area of such a surface. 3. A measure of
the probability that a collision will occur
between a beam of radiation and a partic-
ular particle, expressed as the effective
area presented by the particle in that par-
ticular process. It is measured in square
metres or *barns. The elastic cross section
amounts for all elastic scattering in which
the radiation loses no energy to the parti-
cle. The inelastic cross section accounts for
all other collisions. It is further subdivided
to account for specific interactions, such
as the absorption cross section, fission
cross section, ionization cross section, etc.

crown ethers Organic compounds with
molecules containing large rings of car-
bon and oxygen atoms. The crown ethers
are macrocyclic polyethers. The first to be
synthesized was the compound 18-crown-
6, which consists of a ring of six
-CH,-CH,-0O- units (i.e. C;,H,,0¢). The
general method of naming crown ethers
is to use the form n-crown-m, where n is
the number of atoms in the ring and m is
the number of oxygen atoms. Substituted
crown ethers can also be made. The
crown ethers are able to form strongly
bound complexes with metal ions by coor-
dination through the oxygen atoms. The
stability of these complexes depends on
the size of the ion relative to the cavity
available in the ring of the particular
crown ether. Crown ethers also form com-

® CH,group

@. C i : : i

18-crown-6

Crown ethers

dicyclohexyl-18-crown-6 complex
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plexes with ammonium ions (NH,") and
alkyl ammonium ions (RNH;"). They can
be used for increasing the solubility of
ionic salts in nonpolar solvents. For exam-
ple, dicyclohexyl-18-crown-6 complexes
with the potassium ion of potassium per-
manganate and allows it to dissolve in
benzene, giving a purple neutral solution
that can oxidize many organic com-
pounds. They also act as catalysts in cer-
tain reactions involving organic salts by
complexing with the positive metal cation
and thereby increasing its separation
from the organic anion, which shows a
consequent increase in activity. Some of
the uses of crown ethers depend on their
selectivity for specific sizes of anions.
Thus they can be used to extract specific
ions from mixtures and enrich isotope
mixtures. Their selectivity also makes
them useful analytical reagents. See also
CRYPTANDS.

crucible A dish or other vessel in which
substances can be heated to a high tem-
perature.

crude oil See PETROLEUM.

Crustacea A phylum of *arthropods
containing over 35 000 species distributed
worldwide, mainly in freshwater and ma-
rine habitats, where they constitute a
major component of plankton. Crus-
taceans include shrimps, crabs, lobsters,
etc. (see DECAPODA) and the terrestrial
woodlice, all of which belong to the class
Malacostraca; the barnacles (class Cirri-
pedia); the water fleas (see DAPHNIA), fairy
shrimps, and tadpole shrimps (class Bran-
chiopoda); and the copepods (see COPE-
poDA). The segmented body usually has a
distinct head (bearing *compound eyes,
two pairs of *antennae, and various
mouthparts), thorax, and abdomen, and is
protected by a shell-like carapace. Each
body segment may bear a pair of
branched (biramous) appendages used for
locomotion, as gills, and for filtering food
particles from the water. Appendages in
the head region are modified to form jaws
and in the abdominal region are often re-
duced or absent. Typically, the eggs hatch
to produce a free-swimming nauplius
larva. This develops either by a series of
moults or undergoes metamorphosis to
the adult form.

cryobiology The study of the effects of
very low temperatures on organismes, tis-
sues, and cells. The ability of some animal
tissues to remain viable in a frozen state
(cryopreservation) enables them to be pre-
served by freezing for future use as
*grafts.

cryogenic pump A *vacuum pump in
which pressure is reduced by condensing
gases on surfaces maintained at about

20 K by means of liquid hydrogen or at

4 K by means of liquid helium. Pressures
down to 10"® mmHg (107° Pa) can be main-
tained; if they are used in conjunction
with a *diffusion pump, pressures as low
as 107> mmHg (107!® Pa) can be reached.

cryogenics The study of very low tem-
peratures and the techniques for produc-
ing them. Objects are most simply cooled
by placing them in a bath containing
liquefied gas maintained at a constant
pressure. In general, a liquefied gas can
provide a constant bath temperature from
its triple point to its critical temperature
and the bath temperature can be varied
by changing the pressure above the lig-
uid. The lowest practical temperature for
a liquid bath is 0.3 K. Refrigerators (see RE-
FRIGERATION) consist essentially of devices
operating on a repeated cycle, in which a
low-temperature reservoir is a continu-
ously replenished liquid bath. Above 1 K
they work by compressing and expanding
suitable gases. Below this temperature lig-
uids or solids are used and by *adiabatic
demagnetization it is possible to reach
10°K.

cryohydrate A eutectic mixture of ice
and some other substance (e.g. an ionic
salt) obtained by freezing a solution.

cryolite A rare mineral form of sodium
aluminofluoride, Na,AlFg, which crystal-
lizes in the monoclinic system. It is usu-
ally white but may also be colourless. The
only important occurrence of the mineral
is in Greenland. It is used chiefly to lower
the melting point of alumina in the pro-
duction of aluminium.

cryometer A thermometer designed to
measure low temperatures. *Thermocou-
ples can be used down to about 1 K and
*resistance thermometers can be used at
0.01 K. Below this magnetic thermometers
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(0.001 K) and nuclear-resonance ther-
mometers (3 x 1077 K) are required.

cryophyte An organism that can live in
ice and snow. Most cryophytes are algae,
including the green alga Chlamydomonas ni-
valis and some diatoms, but they also in-
clude certain dinoflagellates, mosses,
bacteria, and fungi.

cryoscopic constant See DEPRESSION OF
FREEZING POINT.

cryoscopy The use of *depression of
freezing point to determine relative mo-
lecular masses.

cryostat A vessel enabling a sample to
be maintained at a very low temperature.
The *Dewar flask is the most satisfactory
vessel for controlling heat leaking in by
radiation, conduction, or convection.
Cryostats usually consist of two or more
Dewar flasks nesting in each other. For ex-
ample, a liquid nitrogen bath is often
used to cool a Dewar flask containing a
liquid helium bath.

cryotron A switch that relies on *super-
conductivity. It consists of a coil of wire of
one superconducting material surround-
ing a straight wire of another supercon-
ducting material; both are immersed in a
liquid-helium bath. A current passed
through the coil creates a magnetic field,
which alters the superconducting proper-
ties of the central wire, switching its resis-
tance from zero to a finite value. Cryotron
switches can be made very small and take
very little current.

cryptands Compounds with large three-
dimensional molecular structures contain-

(2,2,2) cryptand

Cryptands

ing ether chains linked by three-coordi-

nate nitrogen atoms. Thus cryptands are
macropolycyclic polyaza-polyethers. For
example, the compound (2,2,2)-cryptand
has three chains of the form

-CH,CH,0CH,CH,0CH,CH,-.

These chains are linked at each end by a
nitrogen atom. Cryptands, like the
*crown ethers, can form coordination
complexes with ions that can fit into

the cavity formed by the open three-
dimensional structure, i.e. they can
‘cryptate’ the ion. Various types of
cryptand have been produced having both
spherical and cylindrical cavities. The
cryptands have the same kind of proper-
ties as the crown ethers and the same
uses. In general, they form much more
strongly bound complexes and can be
used to stabilize unusual ionic species.
For example, it is possible to produce the
negative Na~ ion in the compound |(2,2,2)-
cryptand-Na|*Na~, which is a gold-
coloured crystalline substance stable at
room temperature. Cluster ions, such as
Pbs?", can be similarly stabilized.

cryptic coloration The type of colour-
ing or marking of an animal that helps to
camouflage it in its natural environment.
It may enable the animal to blend with its
background or, like the stripes of zebras
and tigers, help to break up the outline of
its body.

crypts of Lieberkiihn (intestinal
glands) Tubular glands that lie between
the finger-like projections (see VILLUS) of
the inner surface of the small intestine.
The cells of these glands (called Paneth

)
RSP
Sy

spherical cryptand
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cells) secrete *intestinal juice as they grad-
ually migrate along the side of the crypt
and the villus; they are eventually shed
into the lumen of the intestine.

crystal A solid with a regular polyhedral
shape. All crystals of the same substance
grow so that they have the same angles
between their faces. However, they may
not have the same external appearance
because different faces can grow at differ-
ent rates, depending on the conditions.
The external form of the crystal is re-
ferred to as the crystal habit. The atoms,
ions, or molecules forming the crystal
have a regular arrangement and this is
the crystal structure.

crystal counter A type of solid-state
*counter in which a potential difference
is applied across a crystal; when the crys-
tal is struck by an elementary particle or
photon, the electron-ion pairs created
cause a transient increase in conductivity.
The resulting current pulses are counted
electronically.

crystal defect An imperfection in the
regular lattice pattern of a crystal. See Fea-
ture.

crystal-field theory A theory of the
electronic structures of inorganic *com-
plexes, in which the complex is assumed
to consist of a central metal atom or ion
surrounded by ligands that are ions. For
example, the complex [PtCl,]* is thought
of as a Pt** ion surrounded by four CI°
ions at the corners of a square. The pres-
ence of these ions affects the energies of
the d-orbitals, causing a splitting of en-
ergy levels. The theory can be used to ex-
plain the spectra of complexes and their
magnetic properties. Ligand-field theory is
a development of crystal-field theory in
which the overlap of orbitals is taken into
account. Crystalfield theory was initiated
in 1929 by the German-born US physicist
Hans Albrecht Bethe (1906-2005) and ex-
tensively developed in the 1930s.

crystal habit See CRYSTAL.

crystal lattice The regular pattern of
atoms, ions, or molecules in a crystalline
substance. A crystal lattice can be re-
garded as produced by repeated transla-
tions of a unit cell of the lattice. See also
CRYSTAL SYSTEM.

crystalline Having the regular internal
arrangement of atoms, ions, or molecules
characteristic of crystals. Crystalline ma-
terials need not necessarily exist as crys-
tals; all metals, for example, are
crystalline although they are not usually
seen as regular geometric crystals.

crystallite A small crystal, e.g. one of
the small crystals forming part of a micro-
crystalline substance.

crystallization The process of forming
crystals from a liquid or gas.

crystallography The study of crystal
form and structure. See also X-RAY CRYSTAL-
LOGRAPHY.

crystalloids See corroips.

crystal microphone A microphone in
which the sound waves fall on a plate of
Rochelle salt or similar material with
piezoelectric properties, the variation in
pressure being converted into a varying
electric field by the *piezoelectric effect.
Crystal microphones have a good high-
frequency response and are nondirec-
tional; they are now rarely used except
when their cheapness is important.

crystal oscillator (piezoelectric oscilla-
tor) An oscillator in which a piezoelectric
crystal is used to determine the fre-
quency. An alternating electric field ap-
plied to two metallic films sputtered onto
the parallel faces of a crystal, usually of
quartz, causes it to vibrate at its natural
frequency; this frequency can be in the
kilohertz or megahertz range, depending
on how the crystal is cut. The mechanical
vibrations in turn create an alternating
electric field across the crystal that does
not suffer from frequency drift. The de-
vice can be used to replace the tuned cir-
cuit in an oscillator by providing the
resonant frequency or it can be coupled to
the oscillator circuit, which is tuned ap-
proximately to the crystal frequency. In
this type, the crystal prevents frequency
drift. The device is widely used in *quartz
clocks and watches.

crystal pick-up A pick-up in a record
player in which the mechanical vibrations
produced by undulations in the record
groove are transmitted to a piezoelectric
crystal, which produces a varying electric
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cumene process

field of the same frequency as the sound.
This signal is amplified and fed to loud-
speakers in order to recreate the sound.

crystal structure See CRYSTAL.

crystal system A method of classifying

crystalline substances on the basis of their

unit cell. There are seven crystal systems.

If the cell is a parallelopiped with sides a,

b, and c and if o is the angle between b

and ¢, B the angle between a and ¢, and y

the angle between a and b, the systems

are:

(1) cubic a=b=c and a=B=y=90°

(2) tetragonal a=b=c and o==y=90°

(3) rhombic (or orthorhombic) a#b=c and
o=B=y=90°

(4) hexagonal a=b=c and o==y=90°

(5) trigonal a=b=c and o==y£90°

(6) monoclinic a#b+#c and o=y=90°%3

(7) triclinic a=b=c and o=p=y

CSF 1. See CEREBROSPINAL FLUID. 2. See
COLONY-STIMULATING FACTOR.

CS gas The vapour from a white solid,
CeH,4(Cl)CH:C(CN),, causing tears and
choking, used in ‘crowd control’.

CT scanner (computerized tomography
scanner) See TOMOGRAPHY.

CU See CONTROL UNIT.
cubic close packing See CLOSE PACKING.

cubic crystal A crystal in which the
unit cell is a cube (see CRYSTAL SYSTEM).
There are three possible packings for
cubic crystals: simple cubic, face-centred
cubic, and body-centred cubic. See illustra-
tion.

cubic equation An equation in which

<
-

body-centred

Cubic crystal structures

simple cubic

the highest power of the variable is three.
It has the general form ax® + bx? + cx + d =
0 and, in general, is satisfied by three val-
ues of x.

cubic expansivity See EXPANSIVITY.

cultivar A plant that has been developed
and maintained by cultivation as a result
of agricultural or horticultural practices.
The term is derived from cultivated
variety.

cultivation The planting and breeding
of crop plants in *agriculture and horti-
culture. It involves the investigation of
new means of increasing crop yield and
quality.

culture A batch of cells, which can be
microorganisms or of animal or plant ori-
gin, that are grown under specific condi-
tions of nutrient levels, temperature, pH,
oxygen levels, osmotic factors, light, pres-
sure, and water content. Cultures of cells
are prepared in the laboratory for a wide
spectrum of scientific research. A *culture
medium provides the appropriate condi-
tions for growth. See also CONTINUOUS CUL-
TURE; TISSUE CULTURE.

culture medium A nutrient material,
either solid or liquid, used to support the
growth and reproduction of microorgan-
isms or to maintain tissue or organ cul-
tures. See also AGAR.

cumene process An industrial process
for making phenol from benzene. A mix-
ture of benzene vapour and propene is
passed over a phosphoric acid catalyst at
250°C and high pressure

C¢Hg + CH,CH:CH, — C¢HsCH(CHs,),

<
-

face-centred
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CRYSTAL DEFECTS

A crystal *lattice is formed by a repeated arrangement of atoms, ions, or
molecules. Within one cubic centimetre of material one can expect to find up
to 10?2 atoms and it is extremely unlikely that all of these will be arranged in
perfect order. Some atoms will not be exactly in the right place with the result
that the lattice will contain *defects. The presence of defects within the crystal
structure has profound consequences for certain bulk properties of the solid,
such as the electrical resistance and the mechanical strength.

Point defects

Local crystal defects called point defects, appear as either impurity atoms or
gaps in the lattice. Impurity atoms can occur in the lattice either at interstitial
sites (between atoms in a non-lattice site) or at substitutional sites (replacing an
atom in the host lattice). Lattice gaps are called vacancies and arise when an
atom is missing from its site in the lattice. Vacancies are sometimes called
Schottky defects. A vacancy in which the missing atom has moved to an
interstitial position is known as a Frenkel defect.

Colour centres

In ionic crystals, the ions and vacancies always arrange themselves so that
there is no build-up of one type of charge in any small volume of the crystal. If
ions or charges are introduced into or removed from the lattice, there will, in
general, be an accompanying rearrangement of the ions and their outer
valence electrons. This rearrangement is called charge compensation and is
most dramatically observed in colour centres. If certain crystals are irradiated
with X-rays, gamma rays, neutrons, or electrons a colour change is observed.
For example, diamond may be coloured blue by electron bombardment and
quartz may be coloured brown by irradiation with neutrons. The high-energy
radiation produces defects in the lattice and, in an attempt to maintain charge
neutrality, the crystal undergoes some measure of charge compensation. Just
as electrons around an atom have a series of discrete permitted energy levels,
so charges residing at point defects exhibit sets of discrete levels, which are
separated from one another by energies corresponding to wavelengths in the
visible region of the spectrum. Thus light of certain wavelengths can be
absorbed at the defect sites, and the material appears to be coloured. Heating
the irradiated crystal can, in many cases, repair the irradiation damage and the
crystal loses its coloration.

Dislocations
Non-local defects may involve entire planes of atoms. The most important of

O OO0O0 O OOO0
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Formation of a Schottky defect Formation of a Frenkel defect

Point defects in a two-dimensional crystal
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these is called a dislocation. Dislocations are essentially line-defects; that is,
there is an incomplete plane of atoms in the crystal lattice. In 1934, Taylor,
Orowan, and Polanyi independently proposed the concept of the dislocation to
account for the mechanical strength of metal crystals. Their microscopic
studies revealed that when a metal crystal is plastically deformed, the
deformation does not occur by a separation of individual atoms but rather by a
slip of one plane of atoms over another plane. Dislocations provide a
mechanism for this slipping of planes that does not require the bulk
movement of crystal material. The passage of a dislocation in a crystal is
similar to the movement of a ruck in a carpet. A relatively large force is
required to slide the carpet as a whole. However, moving a ruck over the
carpet can inch it forward without needing such large forces. This movement
of dislocations is called plastic flow.

Strength of materials

In practice most metal samples are polycrystalline; that is they consist of many
small crystals or grains at different angles to each other. The boundary
between two such grains is called a grain boundary. The plastic flow of
dislocations may be hindered by the presence of grain boundaries, impurity
atoms, and other dislocations. Pure metals produced commercially are
generally too weak to be of much mechanical use. The weakness of these
samples can be attributed to the ease with which the dislocations are able to
move within the sample. Slip, and therefore deformation, can then occur
under relatively low stresses. Impurity atoms, other dislocations, and grain
boundaries can all act as obstructions to the slip of atomic planes.
Traditionally, methods of making metals stronger involved introducing defects
that provide regions of disorder in the material. For example, in an alloy, such
as steel, impurity atoms (e.g. carbon) are introduced into the lattice during the
forging process. The perfection of the iron lattice structure is disturbed and the
impurities oppose the dislocation motion. This makes for greater strength and
stiffness.

The complete elimination of dislocations may seem an obvious way to
strengthen materials. However, this has only proved possible for hair-like
single crystal specimens called whiskers. These whiskers are only a few
micrometers thick and are seldom more than a few millimetres long;
nevertheless their strength approaches the theoretical value.

Dislocation in a two-dimensional crystal. The extra plane of atoms AB causes strain at
bond CD. On breaking, the bond flips across to form CB. This incremental movement shifts
the dislocation across so that the overall effect is to slide the two planes BDG and CF over
each other.
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The product is called cumene, and it

can be oxidized in air to a peroxide,
C¢H5C(CH;),0,H. This reacts with dilute
acid to give phenol (CsHsOH) and propa-
none (acetone, CH;0CHj;), which is a valu-
able by-product.

cupellation A method of separating
noble metals (e.g. gold or silver) from base
metals (e.g. lead) by melting the mixture
with a blast of hot air in a shallow porous
dish (the cupel). The base metals are oxi-
dized, the oxide being carried away by the
blast of air or absorbed by the porous con-
tainer.

cuprammonium ion The tetra-
amminecopper(Il) ion [Cu(NH;),]**. See
AMMINE.

cupric compounds Compounds con-
taining copper in its higher (+2) oxidation
state; e.g. cupric chloride is copper(II)
chloride (CuCl,).

cuprite A red mineral cubic form of
copper(I) oxide, Cu,O; an important ore
of copper. It occurs where deposits of
copper have been subjected to oxidation.
The mineral has been mined as a copper
ore in Chile, Democratic Republic of
Congo, Bolivia, Australia, Russia, and the
USA.

cupronickel A type of corrosion-
resistant alloy of copper and nickel con-
taining up to 45% nickel.

cuprous compounds Compounds con-
taining copper in its lower (+1) oxidation
state; e.g. cuprous chloride is copper(I)
chloride (CuCl).

cupule 1. A hard or membranous cup-
shaped structure formed from bracts and
enclosing various fruits, such as the hazel-
nut and acorn. 2. A structure in club
mosses (Lycopodium species) that protects
the gemma (resting bud) during its devel-
opment. It is composed of six leaflike
structures. 3. The bright red tissue
around the seed of yew (Taxus), forming
the yew ‘berry’.

curare A resin obtained from the bark of
South American trees of the genera Strych-
nos and Chondrodendron that causes paraly-
sis of voluntary muscle. It acts by blocking
the action of the neurotransmitter
*acetylcholine at *neuromuscular junc-

tions. Curare is used as an arrow poison
by South American Indians and was for-
merly used as a muscle relaxant in
surgery.

curd The solid component produced by
the coagulation of milk during the manu-
facture of cheese. After being pasteurized,
milk is cooled down and a culture of lactic
acid bacteria is added to ferment the milk
sugar, lactose, to lactic acid. The resulting
decrease in pH causes casein, a milk pro-
tein, to coagulate, a process known as
curdling. The solid curds are then sepa-
rated from the liquid component, known
as whey, and inoculated with different
types of microbes to produce different
cheeses.

curie The former unit of *activity (see
RADIATION UNITS). It is named after Pierre
Curie.

Curie, Marie (Marya Sklodowska;
1867-1934) Polish-born French chemist,
who went to Paris in 1891. She married
the physicist Pierre Curie (1859-1906) in
1895 and soon began work on seeking
radioactive elements other than uranium
in pitchblende (to account for its unex-
pectedly high radioactivity). By 1898 she
had discovered *radium and *polonium,
although it took her four years to purify
them. In 1903 the Curies shared the Nobel
Prize for physics with Henri *Becquerel,
who had discovered radioactivity.

Curie point (Curie temperature) The
temperature at which a ferromagnetic
substance loses its ferromagnetism and
becomes only paramagnetic. For iron the
Curie point is 760°C and for nickel 356°C.

Curie’s law The susceptibility (x) of a
paramagnetic substance is proportional to
the thermodynamic temperature (1), i.e.

% = C|T, where C is the Curie constant. A
modification of this law, the Curie-Weiss
law, is more generally applicable. It states
that y = C/(T - 6), where 6 is the Weiss
constant, a characteristic of the material.
The law was first proposed by Pierre Curie
and modified by another French physicist,
Pierre-Ernest Weiss (1865-1940).

curium Symbol Cm. A radioactive metal-
lic transuranic element belonging to the
*actinoids; a.n. 96; mass number of the
most stable isotope 247 (half-life 1.64 x
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Cuvier, George Léopold Chrétien Frédéric Dagobert

107 years); r.d. (calculated) 13.51; m.p.
1340+40°C. There are nine known iso-
topes. The element was first identified by
Glenn Seaborg (1912-99) and associates in
1944 and first produced by L. B. Werner
and L. Perlman in 1947 by bombarding
americium-241 with neutrons.

curl (rot) The *vector product of the
*gradient operator with a vector. For a
vector u that has components u,, u,, and
us in the x, y, and z directions (with re-
spective unit vectors i, j, and k), and is a
function of x, y, and z, the curl is given by:

curl u =V x u = (Juz/dy - du,[dz)i +
(0u4/0z - Jus[x)j + (uyfox - du,[dy)kK.

See also DIVERGENCE.

current Symbol I. A flow of electric
charge through a conductor. The current
at a particular cross section is the rate of
flow of charge. The charge may be carried
by electrons, ions, or positive holes (see
CHARGE CARRIER). The unit of current is
the ampere. See also CONVENTIONAL CUR-
RENT.

current balance An instrument used to
measure a current absolutely, on the basis
of the definition of the ampere. An accu-
rate form consists of a beam balance with
similar coils attached to the ends of the
balance arms. Fixed coils are situated
above and below these two coils. The six
coils are then connected in series so that a
current passing through them creates a
torque on the beam, which is restored to
the horizontal by means of a rider. From
the position and weight of the rider, and
the geometry of the system, the current
can be calculated.

current density 1. The current flowing
through a conductor per unit cross-
sectional area, measured in amperes per
square metre. 2. The current flowing
through an electrolyte per unit area of
electrode.

cusp 1. (in dentistry) A sharp raised pro-
tuberance on the surface of a *molar
tooth. The cusps of opposing molars (i.e.
on opposite jaws) are complementary to
each other, which increases the efficiency
of grinding food during chewing. 2. (in
anatomy) A flap forming part of a *valve.

3. (in mathematics) A point at which two
arcs of a curve intersect.

cuticle 1. (in botany) The continuous
waxy layer that covers the aerial parts of a
plant. Composed of *cutin, it is secreted
by the *epidermis and its primary func-
tion is to prevent water loss. 2. (in zool-
ogy) A layer of horny noncellular material
covering, and secreted by, the epidermis
of many invertebrates. It is usually made
of a collagen-like protein or of *chitin and
its main function is protection. In arthro-
pods it is also strong enough to act as a
skeleton (see EXOSKELETON) and in insects
it reduces water loss. Growth is allowed
by moulting of the cuticle (see ECDYSIS).

cuticularization The secretion by the
outer (epidermal) layer of cells of plants
and many invertebrates of substances that
then harden to form a *cuticle.

cutin A polymer of long-chain fatty acids
that forms the main constituent of the
*cuticle of mature epidermal plant cells.
Cutin polymers are cross-linked to form a
network, which is embedded in a matrix
of waxes. The deposition of cutin (cutin-
ization) reduces water loss by the plant
and helps prevent the entry of pathogens.
See also SUBERIN.

cutinization The deposition of *cutin in
plant cell walls, principally in the outer-
most layers of leaves and young stems.

cutis See DERMIS.

cutting A part of a plant, such as a bud,
leaf, or a portion of a root or shoot, that,
when detached from the plant and in-
serted in soil, can take root and give rise
to a new daughter plant. Taking or strik-
ing cuttings is a horticultural method for
propagating plants. See also VEGETATIVE
PROPAGATION.

Cuvier, George Léopold Chrétien
Frédéric Dagobert (1769-1832) French
anatomist, who became professor at the
Collége de France in 1799, moving in
1802 to the Jardin de Plantes. Cuvier ex-
tended the classification system of *Lin-
naeus, adding the category *phylum and
concentrating on the taxonomy of fishes.
He also initiated the classification of fos-
sils and established the science of
palaeontology.
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cyanamide 1. An inorganic salt contain-
ing the ion CN,?*". See CALCIUM CYANA-
MIDE. 2. A colourless crystalline solid,
H,NCN, made by the action of carbon
dioxide on hot sodamide. It is a weakly
acidic compound (the parent acid of
cyanamide salts) that is soluble in water
and ethanol. It is hydrolysed to urea in
acidic solutions.

cyanamide process See CALCIUM
CYANAMIDE.

cyanate See CYANIC ACID.

cyanic acid An unstable explosive acid,
HOCN. The compound has the structure
H-0-C=N, and is also called fulminic acid.
Its salts and esters are cyanates (or fulmi-
nates). The compound is a volatile liquid,
which readily polymerizes. In water it hy-
drolyses to ammonia and carbon dioxide.
It is isomeric with another acid,
H-N=C=0, which is known as isocyanic
acid. Its salts and esters are isocyanates.

cyanide 1. An inorganic salt containing
the cyanide ion CN". Cyanides are ex-
tremely poisonous because of the ability
of the CN™ ion to coordinate with the iron
in haemoglobin, thereby blocking the up-
take of oxygen by the blood. 2. A metal
coordination complex formed with
cyanide ions.

cyanide process A method of extract-
ing gold by dissolving it in potassium
cyanide (to form the complex ion
[Au(CN),]7). The ion can be reduced back
to gold with zinc.

cyanine dyes A class of dyes that con-
tain a -CH= group linking two nitrogen-
containing heterocyclic rings. They are
used as sensitizers in photography.

Cyanobacteria A phylum consisting of
two groups of photosynthetic eubacteria.
The blue-green bacteria (formerly known
as blue-green algae, or Cyanophyta),
which comprise the vast majority of
members, contain the photosynthetic pig-
ment chlorophyll a plus accessory pig-
ments: phycocyanins, responsible for
their blue colour, and (in some) red pig-
ments (phycoerythrins). Blue-green bac-
teria are unicellular but sometimes
become joined in colonies or filaments by
a sheath of mucilage. They occur in all

aquatic habitats. A few species fix atmos-
pheric nitrogen and thus contribute to
soil fertility (see NITROGEN FIXATION). Oth-
ers exhibit symbiosis (see LICHENS). The
chloroxybacteria (grass-green bacteria or
prochlorophytes) have been found in ma-
rine and freshwater habitats. They differ
from the blue-green bacteria in contain-
ing chlorophyll a and chlorophyll b but no
blue or red pigments - a combination like
that found in plant chloroplasts, which
they resemble. It is thought that chloroxy-
bacteria may share a common ancestor
with chloroplasts but are not their imme-
diate progenitors (see ENDOSYMBIONT
THEORY).

cyanocobalamin See vITAMIN B cOM-
PLEX.

cyanogen A colourless gas, (CN),, with a
pungent odour; soluble in water, ethanol,
and ether; d. 2.335 g dm™; m.p. -27.9°C;
b.p. -20.7°C. The compound is very toxic.
It may be prepared in the laboratory by
heating mercury(Il) cyanide; industrially it
is made by gas-phase oxidation of hydro-
gen cyanide using air over a silver cata-
lyst, chlorine over activated silicon(IV)
oxide, or nitrogen dioxide over a
copper(Il) salt. Cyanogen is an important
intermediate in the preparation of various
fertilizers and is also used as a stabilizer
in making nitrocellulose. It is an example
of a *pseudohalogen.

cyano group The group -CN in a chem-
ical compound. See NITRILES.

cyanohydrins Organic compounds
formed by the addition of hydrogen
cyanide to aldehydes or ketones (in the
presence of a base). The first step is attack
by a CN™ ion on the carbonyl carbon
atom. The final product is a compound in
which a -CN and -OH group are attached
to the same carbon atom. For example,
ethanal reacts as follows

CH,CHO + HCN — CH,CH(OH)(CN)

The product is 2-hydroxypropanonitrile.
Cyanohydrins of this type can be oxidized
to o-hydroxy carboxylic acids.

cyanuric acid A white crystalline water-
soluble trimer of cyanic acid, (HNCO)s.
It is a cyclic compound having a six-
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membered ring made of alternating imide
(NH) and carbonyl (CO) groups.

Cycadofilicales (Pteridospermales; seed
ferns) An extinct order of gymnosperms
that flourished in the Carboniferous pe-
riod. They possessed characteristics of
both the ferns and the seed plants in re-
producing by means of seeds and yet re-
taining fernlike leaves. Their internal
anatomy combined both fern and seed-
plant characteristics.

Cycadophyta A phylum of seed plants
(see GYMNOSPERM) that contains many ex-
tinct species; the few modern representa-
tives of the group include Cycas and Zamia.
Cycads inhabit tropical and subtropical re-
gions, sometimes growing to a height of
20 m. The stem bears a crown of fernlike
leaves. These species are among the most
primitive of living seed plants.

cyclamates Salts of the acid,
CeH;,.NH.SO;H, where C;Hy;- is a cyclo-
hexyl group. Sodium and calcium cycla-
mates were formerly used as sweetening
agents in soft drinks, etc., until their use
was banned when they were suspected of
causing cancer.

cycle A regularly repeated set of changes
to a system that brings back all its param-
eters to their original values once in every
set of changes. The duration of one cycle
is called its *period and the rate of repeti-
tion of cycle, called the *frequency, is
measured in *hertz. See SIMPLE HARMONIC
MOTION.

cyclic Describing a compound that has a
ring of atoms in its molecules. In homo-
cyclic compounds all the atoms in the ring
are the same type, e.g. benzene (C¢Hg) and
cyclohexane (CgH;,). These two examples
are also examples of carbocyclic com-
pounds; i.e. the rings are of carbon atoms.
If different atoms occur in the ring, as in
pyridine (CsHsN), the compound is said to
be heterocyclic.

cyclic AMP A derivative of *ATP that is
widespread in animal cells as a *second
messenger in many biochemical reactions
induced by hormones. Upon reaching
their target cells, the hormones activate
*adenylate cyclase, the enzyme that catal-
yses cyclic AMP production. Cyclic AMP
ultimately activates the enzymes of the

reaction induced by the hormone con-
cerned. Cyclic AMP is also involved in con-
trolling gene expression and cell division,
in immune responses, and in nervous
transmission.

cyclic phosphorylation (cyclic photo-
phosphorylation) See PHOTOPHOSPHORYLA-
TION.

cyclization The formation of a cyclic
compound from an open-chain com-
pound. See RING.

cyclo- Prefix designating a cyclic com-
pound, e.g. a cycloalkane or a cyclosili-
cate.

cycloalkanes Cyclic saturated hydrocar-
bons containing a ring of carbon atoms
joined by single bonds. They have the gen-
eral formula C,H,,, for example cyclohex-
ane, CgH,,, etc. In general they behave
like the *alkanes but are rather less reac-
tive.

cyclohexadiene-1,4-dione (benzo-
quinone; quinone) A yellow solid, C4H,O,;
r.d. 1.3; m.p. 116°C. It has a six-membered
ring of carbon atoms with two opposite
carbon atoms linked to oxygen atoms
(C=0) and the other two pairs of carbon
atoms linked by double bonds (HC=CH).
The compound is used in making dyes. See
also QUINHYDRONE ELECTRODE.

cyclohexane A colourless liquid *cy-
cloalkane, CgH;,; r.d. 0.78; m.p. 6.5°C; b.p.
81°C. It occurs in petroleum and is made
by passing benzene and hydrogen under
pressure over a heated Raney nickel cata-
lyst at 150°C, or by the reduction of cyclo-
hexanone. It is used as a solvent and paint
remover and can be oxidized using hot
concentrated nitric acid to hexanedioic
acid (adipic acid). The cyclohexane ring is
not planar and can adopt boat and chair
*conformations; in formulae it is repre-
sented by a single hexagon.

cycloid The curve traced by a point on
the circumference of a circle as it rolls
without slipping along a straight line. The
length of the arc formed by one revolu-
tion of the circle is 8r, where r is the ra-
dius of the circle. The horizontal distance
between cusps is 2nr.

cyclone An area of low pressure in the
atmosphere. Winds rotate about the low-
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pressure centre in an anti-clockwise direc-
tion in the northern hemisphere and in a
clockwise direction in the southern hemi-
sphere. In the mid- and high-latitudes
these low-pressure systems are now com-
monly referred to as *depressions, or
lows, and the term cyclone is avoided. See
also TROPICAL CYCLONE.

cyclonite (RDX) A highly explosive nitro
compound, (CH,N.NO,),. It has a cyclic
structure with a six-membered ring of al-
ternating CH, groups and nitrogen atoms,
with each nitrogen being attached to a
NO, group. It is made by nitrating hexam-
ine, C¢H;,N,, which is obtained from am-
monia and methanal. Cyclonite is a very
powerful explosive used mainly for mili-
tary purposes.

cyclopentadiene A colourless liquid
cyclic *alkene, CsHg; r.d. 0.8021; m.p.
-97.2°C; b.p. 40.0°C. It is prepared as a by-
product during the fractional distillation
of crude benzene from coal tar. It under-
goes condensation reactions with ketones
to give highly coloured compounds (ful-
venes) and readily undergoes polymeriza-
tion at room temperature to give the
dimer, dicyclopentadiene. The compound
itself is not aromatic because it does not
have the required number of pi electrons.
However, removal of a hydrogen atom
produces the stable cyclopentadienyl ion,
CsHs™, which does have aromatic proper-
ties. In particular, the ring can coordinate
to positive ions in such compounds as
*ferrocene.

cyclopentadienyl ion See CYCLOPENTA-
DIENE.

cyclopropane A colourless gas, C;Hg,
b.p. -34.5°C, whose molecules contain a

triangular ring of carbon atoms. It is made

by treating 1,3-dibromopropane with zinc
metal, and is used as a general anaes-
thetic.

Cyclostomata Sce AGNATHA.

cyclotron A cyclic particle *accelerator
in which charged particles fed into the
centre of the device are accelerated in an
outward spiral path inside two hollow D-
shaped conductors placed to form a split
circle. A magnetic field is applied at right-
angles to the plane of the dees and an al-
ternating potential difference is applied

between them. The frequency of the alter-
nating p.d. is arranged so that the parti-
cles are accelerated each time they reach
the evacuated gap between the dees. The
magnetic field makes them follow curved
paths. After several thousand revolutions
inside the dees the particles reach the
perimeter of the dees, where a deflecting
field directs them onto the target. In this
device protons can achieve an energy of
107'2] (10 MeV). The first working cyclo-
tron was produced in 1931 by the US
physicist Ernest Lawrence (1901-58). See
also SYNCHROCYCLOTRON.

cylindrical polar coordinates See
POLAR COORDINATES.

cyme See CYMOSE INFLORESCENCE.

cymose inflorescence (cyme; definite
inflorescence) A type of flowering shoot
(see INFLORESCENCE) in which the first-
formed flower develops from the growing
region at the top of the flower stalk (see il-
lustration). Thus no new flower buds can
be produced at the tip and other flowers

4 3 4

buttercup forget-me-not

monochasial cymes

stitchwort

dichasial cyme

1 = oldest flower

Types of cymose inflorescence
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are produced from lateral buds beneath.
In a monochasial cyme (or monochasium),
the development of the flower at the tip is
followed by a new flower axis growing
from a single lateral bud. Subsequent new
flowers may develop from the same side
of the lateral shoots, as in the buttercup,
or alternately on opposite sides, as in
forget-me-not. In a dichasial cyme (or
dichasium), the development of the flower
at the apex is followed by two new flower
axes developing from buds opposite one
another, as in plants of the family Caryo-
phyllaceae (such as stitchwort). Compare
RACEMOSE INFLORESCENCE.

cypsela A dry single-seeded fruit that
does not split open during seed dispersal
and is formed from a double ovary in
which only one ovule develops into a
seed. It is similar to an *achene and
characteristic of members of the family
Compositae (Asteraceae), such as the dan-
delion. See also PAPPUS.

cysteine See AMINO ACID.

cystine A molecule resulting from the
oxidation reaction between the sulphy-
dryl (-SH) groups of two cysteine mol-
ecules (see AMINO ACID). This often occurs
between adjacent cysteine residues in
polypeptides. The resultant *disulphide
bridges (-S-S-) are important in stabiliz-
ing the structure of protein molecules.

cytidine A nucleoside comprising one
cytosine molecule linked to a b-ribose
sugar molecule. The derived nucleotides,
cytidine mono-, di-, and triphosphate
(CMP, CDP, and CTP respectively), partici-
pate in various biochemical reactions, no-
tably in phospholipid synthesis.

cytochrome Any of a group of proteins,
each with an iron-containing *haem
group, that form part of the *electron
transport chain in mitochondria and
chloroplasts. Electrons are transferred by
reversible changes in the iron atom be-
tween the reduced Fe(Il) and oxidized
Fe(III) states. See also CYTOCHROME OXIDASE.

cytochrome oxidase An enzyme com-
plex comprising the terminal two cyto-
chromes of the respiratory chain in the
mitochondria (see ELECTRON TRANSPORT
CHAIN). It is responsible for the reduction
of oxygen to form water.

cytogenetics The study of inheritance
in relation to the structure and function
of cells. For example, the results of breed-
ing experiments can be explained in
terms of the behaviour of chromosomes
during the formation of the reproductive
cells.

cytokine Any soluble factor secreted by
cells of the lymphoid system that acts as a
signal to other lymphoid cells. There are
two categories: *lymphokines, secreted by
lymphocytes; and monokines, secreted by
macrophages. However, certain cytokines,
notably *interferons and *interleukins,
are secreted by both lymphocytes and
macrophages.

cytokinesis See CELL CYCLE; MITOSIS.

cytokinin (kinin) Any of a group of plant
*growth substances chemically related to
the purine adenine. Among other roles,
cytokinins stimulate cell division in the
presence of *auxin and have also been
found to delay senescence, overcome
*apical dominance, and promote cell ex-
pansion. Zeatin is a naturally occurring
cytokinin.

cytology The study of the structure and
function of cells. The development of the
light and electron microscopes has en-
abled the detailed structure of the nucleus
(including the chromosomes) and other
organelles to be elucidated. Microscopic
examination of cells, either live or as
stained sections on a slide, is also used in
the detection and diagnosis of various dis-
eases, especially *cancer.

cytolysis The breakdown of cells, usu-
ally as a result of destruction or dissolu-
tion of their outer membranes. Certain
drugs (cytotoxic drugs) have this effect
and are used in the treatment of some
forms of cancer.

cytomegalovirus A virus belonging to
the herpes group (see HERPESVIRUS). In hu-
mans it normally causes symptoms that
are milder than the common cold, but it
can produce more serious symptoms in
those whose *immune response is dis-
turbed (e.g. cancer patients and people
who are HIV-positive). Infection in preg-
nant women may cause congenital handi-
cap in their children.
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cytoplasm The material surrounding
the nucleus of a *cell. It can be differenti-
ated into dense outer ectoplasm, which is
concerned primarily with cell movement,
and less dense endoplasm, which contains
most of the cell’s structures.

cytoplasmic inheritance The inheri-
tance of genes contained in the cytoplasm
of a cell, rather than the nucleus. Only a
very small number of genes are inherited
in this way. The phenomenon occurs be-
cause certain organelles, the *mitochon-
dria and (in plants) the *chloroplasts,
contain their own genes and can repro-
duce independently. The female reproduc-
tive cell (the egg) has a large amount of
cytoplasm containing many such orga-
nelles, which are consequently incorpo-
rated into the cytoplasm of all the cells of
the embryo. The male reproductive cells
(sperm or pollen), however, consist almost
solely of a nucleus. Cytoplasmic orga-
nelles are thus not inherited from the
male parent. In plants, male sterility can
be inherited via the cytoplasm. The inher-
itance of any such factors does not follow
Mendelian laws.

cytoplasmic streaming The direc-
tional movement of cytoplasm in certain
cells, which allows movement of sub-
stances through the cell, especially
around the cell’s periphery. It has been
observed most clearly in large cells, such
as plant sieve elements and unicellular
algae, in which simple diffusion is ineffec-

tive as a means of local transport in the
cell. The exact mechanism of streaming is
unknown but it is thought to involve the
interaction of motor proteins (attached to
organelles) with *actin microfilaments
parallel to the direction of flow. A similar
streaming of cytoplasm is responsible for
*amoeboid movement.

cytosine A *pyrimidine derivative. It is
one of the principal component bases of
*nucleotides and the nucleic acids *DNA
and *RNA.

cytoskeleton A network of fibres per-
meating the matrix of eukaryotic cells
that provides a supporting framework for
organelles, anchors the cell membrane,
facilitates cellular movement, and pro-
vides a suitable surface for chemical re-
actions to take place. The fibres are
composed of *microtubules and *actin
microfilaments.

cytosol The semifluid soluble part of the
cytoplasm of cells, which contains the
components of the *cytoskeleton. The
cell’s organelles are suspended in the
cytosol.

cytotaxonomy See TAXONOMY.

cytotoxic Destructive to living cells. The
term is applied particularly to a class of
drugs that inhibit cell division and are
therefore used in chemotherapy to de-
stroy cancer cells and to a group of *T
cells that destroy virus-infected cells.



2,4-D 2,4-dichlorophenoxyacetic acid
(2,4-dichlorophenoxyethanoic acid): a syn-
thetic *auxin used as a weedkiller of
broad-leaved weeds. See PESTICIDE.

dalton See ATOMIC MASS UNIT.

Dalton, John (1766-1844) British
chemist and physicist. In 1801 he formu-
lated his law of partial pressures (see DAL-
TON’S LAW), but he is best remembered
for *Dalton’s atomic theory, which he an-
nounced in 1803. Dalton also studied col-
our blindness (a condition, once called
Daltonism, that he shared with his
brother).

Dalton’s atomic theory A theory of
*chemical combination, first stated by
John Dalton in 1803. It involves the fol-
lowing postulates:
(1) Elements consist of indivisible small
particles (atoms).
(2) All atoms of the same element are
identical; different elements have differ-
ent types of atom.
(3) Atoms can neither be created nor de-
stroyed.
(4) ‘Compound elements’ (i.e. compounds)
are formed when atoms of different el-
ements join in simple ratios to form
‘compound atoms’ (i.e. molecules).
Dalton also proposed symbols for
atoms of different elements (later re-
placed by the present notation using let-
ters).

Dalton’s law The total pressure of a
mixture of gases or vapours is equal to
the sum of the partial pressures of its
components, i.e. the sum of the pressures
that each component would exert if it
were present alone and occupied the
same volume as the mixture of gases.
Strictly speaking, the principle is true
only for ideal gases.

dam A structure built across a river to
impound or divert the flow of water. A
dam may be constructed for one or a
number of purposes. It may raise the

water level to increase the depth for navi-
gation purposes; divert water; provide a
head of water for the generation of
hydroelectric power; or store water for
industrial or domestic use, irrigation,
flood control, or power production. In ad-
dition, water stored by dams is often used
for recreational purposes. Most dams are
constructed of either concrete or of earth
and rock. Gravity dams depend on the
weight of their bulk for stability and usu-
ally have a flat vertical face upstream.
Arch dams are curved concrete structures
with a convex curve upstream. Pressure is
transmitted to the sides of the dam.

damping A decrease in the amplitude
of an oscillation as a result of energy
being drained from the oscillating system
to overcome frictional or other resistive
forces. For example, a pendulum soon
comes to rest unless it is supplied with
energy from an outside source; in a pen-
dulum clock, energy is supplied through
an *escapement from a wound spring or
a falling mass to compensate for the en-
ergy lost through friction. Damping is
introduced intentionally in measuring in-
struments of various kinds to overcome
the problem of taking a reading from an
oscillating needle. A measuring instru-
ment is said to be critically damped if the
system just fails to oscillate and the sys-
tem comes to rest in the shortest possible
time. If it is underdamped it will oscillate
repeatedly before coming to rest; if it is
overdamped it will not oscillate but it
will take longer to come to rest than it
would if it was critically damped. An in-
strument, such as a galvanometer, that is
critically damped is often called a dead-
beat instrument.

dance of the bees A celebrated exam-
ple of *communication in animals, first
investigated by Karl von Frisch
(1886-1982). Honeybee workers on re-
turning to the hive after a successful for-
aging expedition perform a ‘dance’ on
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the comb that contains coded information
about the distance and direction of the
food source. For example the waggle
dance, characterized by tail-wagging
movements, indicates the direction of a
food source at a distance of more than
100 metres. Other workers, sensing vibra-
tions from the dance, follow the instruc-
tions to find the food source.

Daniell cell A type of primary *voltaic
cell with a copper positive electrode and a
negative electrode of a zinc amalgam. The
zinc-amalgam electrode is placed in an
electrolyte of dilute sulphuric acid or zinc
sulphate solution in a porous pot, which
stands in a solution of copper sulphate in
which the copper electrode is immersed.
While the reaction takes place ions move
through the porous pot, but when it is not
in use the cell should be dismantled to
prevent the diffusion of one electrolyte
into the other. The e.m.f. of the cell is
1.08 volts with sulphuric acid and 1.10
volts with zinc sulphate. It was invented
in 1836 by the British chemist John
Daniell (1790-1845).

Daphnia A genus of crustaceans belong-
ing to the class Branchiopoda and order
Cladocera (water fleas). Daphnia species
have a transparent carapace and a pro-
truding head with a pair of highly
branched antennae for swimming and a
single median compound eye. The five
pairs of thoracic appendages form an effi-
cient filter-feeding mechanism. Reproduc-
tion can take place without mating, i.e. by
*parthenogenesis.

dark energy Energy in the universe as-
sociated with the fact that the expansion
of the universe is accelerating and the
*cosmological constant could have a non-
zero value. Analysis of data from *WMAP
indicates that about 70% of the energy of
the universe is in the form of dark energy.
The nature of dark energy is not known.

dark galaxy A galaxy that is composed
largely of dark matter. There is some evi-
dence for the existence of such galaxies. It
is thought that they should be very com-
mon, particularly since theories of large-
scale structure work much better if the
existence of plentiful dark galaxies is as-
sumed.

dark matter See MISSING MASS.

dark period (in botany) The period con-
sidered to be critical in the responses of
plants to changes in day length (see PHOTO-
PERIODISM). It is believed that such re-
sponses, which include the onset of
flowering, are determined by the length
of the period of darkness that occurs be-
tween two periods of light.

dark reaction See PHOTOSYNTHESIS.

darmstadtium Symbol Ds. A radio-
active transactinide; a.n. 110. It has sev-
eral isotopes; the most stable being 2%!Ds,
with a half-life of about 1.6 minutes. It
can be produced by bombarding a pluto-
nium target with sulphur nuclei or by
bombarding a lead target with nickel nu-
clei. Its chemical properties probably re-
semble those of platinum. Darmstadtium
was named after the German city of
Darmstadt, the location of the Institute
for Heavy Ion Research where it was first
produced.

Darwin, Charles (1809-82) British natu-
ralist, who studied medicine in Edinburgh
followed by theology at Cambridge Uni-
versity, intending a career in the Church.
However, his interest in natural history
led him to accept an invitation in 1831 to
join HMS Beagle as naturalist on a round-
the-world voyage. After his return five
years later he published works on the ge-
ology he had observed. He was also for-
mulating his theory of *evolution by
means of *natural selection, but it was to
be 20 years before he published On the Ori-
gin of Species (1859), prompted by similar
views expressed by Alfred Russel *Wal-
lace. Among his later works was The De-
scent of Man (1871). See also DARWINISM.

Darwinism The theory of *evolution
proposed by Charles Darwin in On the Ori-
gin of Species (1859), which postulated that
present-day species have evolved from
simpler ancestral types by the process of
*natural selection acting on the variability
found within populations. On the Origin of
Species caused a furore when it was first
published because it suggested that
species are not immutable nor were they
specially created - a view directly opposed
to the doctrine of *special creation. How-
ever the wealth of evidence presented by



223

d-block elements

Darwin gradually convinced most people
and the only major unresolved problem
was to explain how the variations in pop-
ulations arose and were maintained from
one generation to the next. This became
clear with the rediscovery of Mendel’s
work on classical genetics in the 1900s
and led to the present theory known as
*neo-Darwinism.

Darwin’s finches (Galapagos finches)
The 14 species of finch, unique to the
Galapagos Islands, that Charles Darwin
studied during his journey on HMS Beagle.
Each is adapted to exploit a different food
source. They are not found on the main-
land because competition there for these
food sources from other birds is fiercer.
Darwin believed all the Galapagos finches
- basically similar but differing in bill
shape - to be descendants of a few that
strayed from the mainland, and this pro-
vided important evidence for his theory of
evolution. See also ADAPTIVE RADIATION.

DAT (digital audio tape) A type of mag-
netic tape originally designed for audio
recording but now adapted for computer
storage and backup use. The recording
method allows a capacity of about 1 giga-
byte.

database A large collection of informa-
tion that has been coded and stored in a
computer in such a way that it can be ex-
tracted under a number of different cat-
egory headings.

dating techniques Methods of estimat-
ing the age of rocks, palaeontological
specimens, archaeological sites, etc. Rela-
tive dating techniques date specimens in
relation to one another; for example,
*stratigraphy is used to establish the suc-
cession of fossils. Absolute (or chronomet-
ric) techniques give an absolute estimate
of the age and fall into two main groups.
The first depends on the existence of
something that develops at a seasonally
varying rate, as in *dendrochronology
and *varve dating. The other uses some
measurable change that occurs at a
known rate, as in *chemical dating,
radioactive (or radiometric) dating (see
CARBON DATING; FISSION-TRACK DATING;
POTASSIUM-ARGON DATING; RUBIDIUM-
STRONTIUM DATING; URANIUM-LEAD
DATING), and *thermoluminescence.

dative bond See CHEMICAL BOND.

daughter 1. A nuclide produced by
radioactive *decay of some other nuclide
(the parent). 2. An ion or free radical pro-
duced by dissociation or reaction of some
other (parent) ion or radical.

Davy, Sir Humphry (1778-1829) British
chemist, who studied gases at the Pneu-
matic Institute in Bristol, where he discov-
ered the anaesthetic properties of
*dinitrogen oxide (nitrous oxide). He
moved to the Royal Institution, London, in
1801 and five years later isolated potas-
sium and sodium by electrolysis. He also
prepared barium, boron, calcium, and
strontium as well as proving that chlorine
and iodine are elements. In 1816 he in-
vented the *Davy lamp.

Davy lamp An oil-burning miner’s
safety lamp invented by Sir Humphry
Davy in 1816 when investigating firedamp
(methane) explosions in coal mines. The
lamp has a metal gauze surrounding the
flame, which cools the hot gases by con-
duction and prevents ignition of gas out-
side the gauze. If firedamp is present it
burns within the gauze cage, and lamps of
this type are still used for testing for gas.

day The time taken for the earth to com-
plete one revolution on its axis. The solar
day is the interval between two successive
returns of the sun to the *meridian. The
mean solar day of 24 hours is the average
value of the solar day for one year. The
sidereal day is measured with respect to
the fixed stars and is 4.09 minutes shorter
than the mean solar day as a result of the
imposition of the earth’s orbital motion
on its rotational motion.

day-neutral plant A plant in which
flowering can occur irrespective of the
day length. Examples are cucumber and
maize. See PHOTOPERIODISM. Compare
LONG-DAY PLANT; SHORT-DAY PLANT.

d-block elements The block of el-
ements in the *periodic table consisting
of scandium, yttrium, and lanthanum to-
gether with the three periods of transition
elements: titanium to zinc, zirconium to
cadmium, and hafnium to mercury. These
elements all have two outer s-electrons
and have d-electrons in their penultimate
shell; i.e. an outer electron configuration
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of the form (n-1)d*ns? where x is 1 to 10.
See also TRANSITION ELEMENTS.

d.c. See DIRECT CURRENT.

DDT Dichlorodiphenyltrichloroethane; a
colourless organic crystalline compound,
(CIC¢H,),CH(CCl;), made by the reaction
of trichloromethanal with chlorobenzene.
DDT is the best known of a number of
chlorine-containing pesticides used exten-
sively in agriculture in the 1940s and
1950s. The compound is stable, accumu-
lates in the soil, and concentrates in fatty
tissue, reaching dangerous levels in carni-
vores high in the food chain. Restrictions
are now placed on the use of DDT and
similar pesticides.

Deacon process A former process for
making chlorine by oxidizing hydrogen
chloride in air at 450°C using a copper
chloride catalyst. It was patented in 1870
by Henry Deacon (1822-76).

deactivation A partial or complete re-
duction in the reactivity of a substance, as
in the poisoning of a catalyst.

deadbeat Sce DAMPING.

deamination The removal of an amino
group (-NH,) from a compound. Enzy-
matic deamination occurs in the liver and
is important in amino-acid metabolism,
especially in their degradation and subse-
quent oxidation. The amino group is re-
moved as ammonia and excreted, either
unchanged or as urea or uric acid.

death The point at which the processes
that maintain an organism alive no longer
function. In humans it is diagnosed by
permanent cessation of the heartbeat;
however, the heart can continue beating
after a large part of the brain ceases to
function (see BRAIN DEATH). The death of a
cell due to external damage or the action
of toxic substances is known as necrosis.
This must be distinguished from pro-
grammed cell death (see APOPTOSIS), which
is a normal part of the developmental pro-
cess.

death phase See BACTERIAL GROWTH
CURVE.

death rate (mortality) The rate at which
a particular species or population dies,
whatever the cause. The death rate is an

important factor in controlling the size of
a population. Compare BIRTH RATE.

de Broglie, Louis-Victor Pierre Ray-
mond (1892-1987) French physicist,

who taught at the Sorbonne in Paris for
34 years. He is best known for his 1923
theory of *wave-particle duality (see also
DE BROGLIE WAVELENGTH), which recon-
ciled the corpuscular and wave theories of
*light and proved important in *quantum
theory. For this work he was awarded the
1929 Nobel Prize.

de Broglie wavelength The wave-
length of the wave associated with a mov-
ing particle. The wavelength (A) is given
by A = h/mv, where h is the Planck con-
stant, m is the mass of the particle, and v
its velocity. The de Broglie wave was first
suggested by Louis de Broglie in 1923 on
the grounds that electromagnetic waves
can be treated as particles (*photons) and
one could therefore expect particles to be-
have in some circumstances like waves
(see COMPLEMENTARITY). The subsequent
observation of *electron diffraction sub-
stantiated this argument and the de
Broglie wave became the basis of *wave
mechanics.

debye A unit of electric *dipole moment
in the electrostatic system, used to ex-
press dipole moments of molecules. It is
the dipole moment produced by two
charges of opposite sign, each of 1 stat-
coulomb and placed 107! cm apart, and
has the value 3.335 64 x 107° coulomb
metre.

Debye-Hiickel theory A theory to ex-
plain the nonideal behaviour of elec-
trolytes, published in 1923 by Peter Debye
(1884-1966) and Erich Hiickel (1896~ ). It
assumes that electrolytes in solution are
fully dissociated and that nonideal be-
haviour arises because of electrostatic in-
teractions between the ions. The theory
shows how to calculate the extra free en-
ergy per ion resulting from such interac-
tions, and consequently the activity
coefficient. It gives a good description of
nonideal electrolyte behaviour for very di-
lute solutions, but cannot be used for
more concentrated electrolytes.

Debye-Scherrer method A method of
X-ray diffraction in which a beam of X-
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rays is diffracted by material in the form
of powder. Since the powder consists of
very small crystals of the material in all
possible orientations, the diffraction pat-
tern is a series of concentric circles. This
type of pattern allows the unit cell to be
found with great precision. This method
was first used by Peter Debye and Paul
Scherrer in 1916 and independently by
Albert Hull in 1917.

deca- Symbol da. A prefix used in the
metric system to denote ten times. For ex-
ample, 10 coulombs = 1 decacoulomb
(daC).

decahydrate A crystalline hydrate con-
taining ten molecules of water per mol-
ecule of compound.

decalescence See RECALESCENCE.

decanoic acid (capric acid) A white crys-
talline straight-chain saturated *car-
boxylic acid, CH;(CH,)sCOOH; m.p. 31.5°C.
Its esters are used in perfumes and
flavourings.

decantation The process of separating
a liquid from a settled solid suspension or
from a heavier immiscible liquid by care-
fully pouring it into a different container.

Decapoda An order of crustaceans of
the class Malacostraca that are distributed
worldwide, mainly in marine habitats.
Decapods comprise swimming forms
(shrimps and prawns) and crawling forms
(crabs, lobsters, and crayfish). All are char-
acterized by five pairs of walking legs, the
first pair of which are highly modified in
crawling forms to form powerful grasping
pincers. The carapace is fused with the
thorax and head forming a *cephalotho-
rax. The antennae are especially long in
shrimps and prawns, which also possess
several pairs of well-developed swimming
appendages (pleopods) posterior to the
walking legs. Following fertilization by
the male, females usually carry the eggs
until they hatch. The larvae undergo sev-
eral transformations before attaining
adult form.

decarboxylation The removal of car-
bon dioxide from a molecule. Decarboxy-
lation is an important reaction in many
biochemical processes, such as the *Krebs

cycle and the synthesis of *fatty acids. See
also OXIDATIVE DECARBOXYLATION.

decay 1. See DECOMPOSITION. 2. The
spontaneous transformation of one radio-
active nuclide into a daughter nuclide,
which may be radioactive or may not,
with the emission of one or more parti-
cles or photons. The decay of N, nuclides
to give N nuclides after time t is given by
N = Nyexp(-yt), where v is called the decay
constant or the disintegration constant.
The reciprocal of the decay constant is the
mean life. The time required for half the
original nuclides to decay (i.e. N = 1:N,) is
called the half-life of the nuclide. The
same terms are applied to elementary par-
ticles that spontaneously transform into
other particles. For example, a free neu-
tron decays into a proton and an electron
(see BETA DECAY). See also ALPHA PARTICLE.

deci- Symbol d. A prefix used in the met-
ric system to denote one tenth. For exam-
ple, 0.1 coulomb = 1 decicoulomb (dC); 0.1
metre = 1 decimetre (dm).

decibel A unit used to compare two
power levels, usually applied to sound or
electrical signals. Although the decibel is
one tenth of a bel, it is the decibel, not
the bel, that is invariably used. Two
power levels P and P, differ by n decibels
when n = 10log,,P[P,. If P is the level of
sound intensity to be measured, P, is a ref-
erence level, usually the intensity of a
note of the same frequency at the thresh-
old of audibility.

The logarithmic scale is convenient as
human audibility has a range of 1 (just
audible) to 102 (just causing pain) and
one decibel, representing an increase of
some 26%, is about the smallest change
the ear can detect.

deciduous Describing plants in which
all the leaves are shed at the end of each
growing season, usually the autumn in
temperate regions or at the beginning of a
dry season in the tropics. This seasonal
leaf fall helps the plant retain water that
would otherwise be lost by transpiration
from the leaves. Examples of deciduous
plants are rose and horse chestnut. Com-
pare EVERGREEN.

deciduous teeth (milk teeth) The first
of two sets of teeth of a mammal. These
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teeth are smaller than those that replace
them (the *permanent teeth) and fewer in
number, since there are no deciduous
*molars. See also DIPHYODONT.

decimal system A number system
based on the number 10; the number sys-
tem in common use. All rational numbers
can be written as a finite decimal (e.g. ¥4 =
0.25) or a repeating decimal (e.g. 527 =
0.185 185 185...). An *irrational number
can be written to any number of decimal
places, but can never be given exactly (e.g.
V3 =1.732 050 8...).

declination 1. The angle between the
magnetic meridian and the geographic
meridian at a point on the surface of the
earth. See GEOMAGNETISM. 2. The angular
distance of a celestial body north (posi-
tive) or south (negative) of the celestial
*equator.

decoherence A process in which a
quantum mechanical state of a system is
altered by the interaction between the
system and its environment. The process
of decoherence has been detected experi-
mentally. Decoherence was postulated in
the 1980s and has been used to clarify dis-
cussions of the foundations of quantum
mechanics.

decomposer An organism that obtains
energy from the chemical breakdown of
dead organisms or animal or plant wastes.
Decomposers, most of which are bacteria
and fungi, secrete enzymes onto dead
matter and then absorb the breakdown
products (see SAPROTROPH). Many decom-
posers (e.g. nitrifying bacteria) are special-
ized to break down organic materials that
are difficult for other organisms to digest.
Decomposers fulfil a vital role in the
*ecosystem, returning the constituents of
organic matter to the environment in in-
organic form so that they can again be as-
similated by plants. Compare DETRITIVORE.
See also CARBON CYCLE; NITROGEN CYCLE.

decomposition 1. (decay) The chemi-
cal breakdown of organic matter into its
constituents by the action of *decom-
posers. 2. A chemical reaction in which a
compound breaks down into simpler com-
pounds or into elements.

deconfinement temperature Sce
QUARK CONFINEMENT.

decrepitation A crackling noise pro-
duced when certain crystals are heated,
caused by changes in structure resulting
from loss of water of crystallization.

defecation The expulsion of faeces
from the rectum due to contractions of
muscles in the rectal wall. A sphincter
muscle, which is under voluntary control,
is situated at the end of the rectum (the
anus); relaxation of this muscle allows
defecation to occur. In babies control of
the anal sphincter muscle has not been
developed and defecation occurs automat-
ically as a reflex response to the presence
of faeces in the rectum.

defect 1. See CRYSTAL DEFECT. 2. See
MASS DEFECT.

deficiency disease Any disease caused
by an inadequate intake of an essential
nutrient in the diet, primarily vitamins,
minerals, and amino acids. Examples are
scurvy (lack of vitamin C), rickets (lack of
vitamin D), and iron-deficiency anaemia.

definite inflorescence See CYMOSE IN-
FLORESCENCE.

definite integral See INTEGRATION.

definite proportions Se¢c CHEMICAL
COMBINATION.

deflagration A type of explosion in
which the shock wave arrives before the
reaction is complete (because the reaction
front moves more slowly than the speed
of sound in the medium).

deforestation The extensive cutting
down of forests for the purpose of extract-
ing timber or fuel wood or to clear the
land for mining or agriculture. Forests are
often situated in upland areas and are im-
portant in trapping rainwater. Deforesta-
tion in these areas, particularly in India
and Bangladesh, has resulted in the flood-
ing of low-lying plains; it has also led to
an increase in soil erosion and hence
desert formation (see DESERTIFICATION), Te-
sulting in crop loss and economic prob-
lems for local communities. The felling
and burning of trees releases large
amounts of carbon dioxide, thereby in-
creasing global carbon dioxide levels and
contributing to the *greenhouse effect.
Rainforests, particularly those of South
America, are rich in both fauna and flora;
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their removal leads to an overall decrease
in *biodiversity and the loss of plant
species that have potentially beneficial
pharmaceutical effects. Despite move-
ments to reduce deforestation, economic
pressures ensure that the process still con-
tinues.

degassing The removal of dissolved, ab-
sorbed, or adsorbed gases from a liquid or
solid. Degassing is important in vacuum
systems, where gas absorbed in the walls
of the vacuum vessel starts to desorb as
the pressure is lowered.

degaussing The process of neutralizing
the magnetization in an object that has
inadvertently become magnetized. For ex-
ample, ferromagnetic components of TV
sets may become magnetized and misdi-
rect the electron beams. A degaussing coil
is often provided and fed with a diminish-
ing alternating current each time the set
is switched on. Ships can be degaussed by
surrounding them with current-carrying
cables that set up an equal and opposite
field. This prevents the ships from deto-
nating magnetic mines. Degaussing is
used to protect scientific and other elec-
tronic devices from strong magnetic
fields; usually a system of coils is designed
to neutralize such fields over the impor-
tant region or the equipment is sur-
rounded by a shield of suitable alloy (e.g.
Mumetal).

degeneracy pressure The pressure in
a *degenerate gas of fermions caused by
the Pauli exclusion principle and the
Heisenberg uncertainty principle. Because
of the exclusion principle, fermions at a
high density, with small interparticle
spacing, must have different momenta.
Because of the uncertainty principle, the
momentum difference must be inversely
proportional to the spacing. Conse-
quently, in a high-density gas (small spac-
ing) the particles have high relative
momenta, which leads to a degeneracy
pressure much greater than the thermal
pressure. *White dwarfs and *neutron
stars are supported against collapse under
their own gravitational fields by the de-
generacy pressure of electrons and neu-
trons respectively.

degenerate 1. Having quantum states
with the same energy. For example, the

five d-orbitals in an isolated transition-
metal atom have the same energy (al-
though they have different spatial
arrangements) and are thus degenerate
levels. The application of a magnetic or
electric field may cause the quantum
states to have different energies (see CRYS-
TAL-FIELD THEORY). In this case, the degen-
eracy is said to be ‘lifted’. 2. Having a
high particle concentration such that the
*Maxwell-Boltzmann distribution does
not apply and the behaviour of the parti-
cles is governed by *quantum statistics.
Systems in which the particles are degen-
erate are called degenerate gases; exam-
ples are the conduction electrons in a
metal (or *degenerate semiconductor), the
electrons in a *white dwarf, and the neu-
trons in a *neutron star. See also DEGENER-
ACY PRESSURE.

degenerate semiconductor A heavily
doped *semiconductor in which the
*Fermi level is located in either the va-
lence band or the conduction band (see EN-
ERGY BAND) causing the material to
behave as a metal.

degenerate states *Quantum states of
a system that have the same energy.

degeneration 1. Changes in cells, tis-
sues, or organs due to disease, etc., that
result in an impairment or loss of func-
tion and possibly death and breakdown of
the affected part. 2. The reduction in size
or complete loss of organs during evolu-
tion. The human appendix has undergone
this process and performs no obvious
function in man. Degeneration of external
organs may cause animals to appear to be
more primitive than they really are; for
example, early zoologists believed whales
were fish rather than mammals because
of the degeneration of their limbs. See also
VESTIGIAL ORGAN.

deglutition (swallowing) A reflex action
initiated by the presence of food in the
pharynx. During deglutition, the soft
*palate is raised, which prevents food
from entering the nasal cavity; the
*epiglottis closes, which blocks the en-
trance to the windpipe; and the oesopha-
gus starts to contract (see PERISTALSIS),
which ensures that food is conveyed to
the stomach.
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degradation A type of organic chemi-
cal reaction in which a compound is con-
verted into a simpler compound in stages.

degree 1. A unit of plane angle equal to
1/360th of a complete revolution. 2. A di-
vision on a *temperature scale. 3. The
power to which a variable is raised. If one
expression contains several variables the
overall degree of the expression is the
sum of the powers. For example, the ex-
pression p%g®r* has a degree of 9 overall (it
is a second-degree expression in p). The
degree of a polynomial is the degree of
the variable with the highest power, e.g.
ax® + bx* + c has a degree of 5. 4. The
highest power to which the derivative of
the highest order is raised in a *differen-
tial equation. For example, (d%y/dx?)* +
dy/dx = c is a differential equation of the
third degree (but second order).

degrees of freedom 1. The number of
independent parameters required to spec-
ify the configuration of a system. This con-
cept is applied in the *kinetic theory to
specify the number of independent ways
in which an atom or molecule can take up
energy. There are however various sets of
parameters that may be chosen, and the
details of the consequent theory vary with
the choice. For example, in a monatomic
gas each atom may be allotted three de-
grees of freedom, corresponding to the
three coordinates in space required to
specify its position. The mean energy per
atom for each degree of freedom is the
same, according to the principle of the
*equipartition of energy, and is equal to
kT2 for each degree of freedom (where k
is the *Boltzmann constant and T is the
thermodynamic temperature). Thus for a
monatomic gas the total molar energy is
3LkT/2, where L is the Avogadro constant
(the number of atoms per mole). As k=
R[L, where R is the molar gas constant, the
total molar energy is 3RT)2.

In a diatomic gas the two atoms require
six coordinates between them, giving six
degrees of freedom. Commonly these are
interpreted as six independent ways of
storing energy: on this basis the molecule
has three degrees of freedom for different
directions of translational motion, and in
addition there are two degrees of freedom
for rotation of the molecular axis and one
vibrational degree of freedom along the

bond between the atoms. The rotational
degrees of freedom each contribute kT)2,
to the total energy; similarly the vibra-
tional degree of freedom has an equal
share of kinetic energy and must on aver-
age have as much potential energy (see
SIMPLE HARMONIC MOTION). The total en-
ergy per molecule for a diatomic gas is
therefore 3kT}2 (for translational energy of
the whole molecule) plus 2kT/2 (for rota-
tional energy of each atom) plus 2kT/2 (for
vibrational energy), i.e. a total of 7kT/2.

2. The least number of independent vari-
ables required to define the state of a sys-
tem in the *phase rule. In this sense a gas
has two degrees of freedom (e.g. tempera-
ture and pressure).

dehiscence The spontaneous and often
violent opening of a fruit, seed pod, or an-
ther to release and disperse the seeds or
pollen. Examples are the splitting of
laburnum pods and primrose capsules;
such structures are described as dehiscent
(compare INDEHISCENT).

dehydration 1. Removal of water from
a substance. 2. A chemical reaction in
which a compound loses hydrogen and
oxygen in the ratio 2:1. For instance,
ethanol passed over hot pumice under-
goes dehydration to ethene:

C,HsOH - H,0 — CH,:CH,

Substances such as concentrated sul-
phuric acid, which can remove H,0 in
this way, are known as dehydrating
agents. For example, with sulphuric acid,
methanoic acid gives carbon monoxide:

HCOOH - H,0 — CO

dehydrogenase Any enzyme that catal-
yses the removal of hydrogen atoms (de-
hydrogenation) in biological reactions.
Dehydrogenases occur in many biochemi-
cal pathways but are particularly impor-
tant in driving the reactions of the
*electron-transport chain in cell respira-
tion. They work in conjunction with the
hydrogen-accepting coenzymes *NAD and
*FAD.

dehydrogenation A chemical reaction
in which hydrogen is removed from a
compound. Dehydrogenation of organic
compounds converts single carbon-
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carbon bonds into double bonds. It is usu-
ally effected by means of a metal catalyst.

deionized water Water from which
dissolved ionic salts have been removed
by *ion-exchange techniques. It is used
for many purposes as an alternative to dis-
tilled water.

dekatron A neon-illed tube with a cen-
tral anode surrounded by ten cathodes
and associated transfer electrodes. As volt-
age pulses are received by the tube a glow
discharge moves from one set of elec-
trodes to the next, enabling the device to
be used as a visual counting tube in the
decimal system. The tube can also be used
for switching.

delayed neutrons The small propor-
tion of neutrons that are emitted with a
measurable time delay in a nuclear fission
process. Compare PROMPT NEUTRONS.

delay line A component in an elec-
tronic circuit that is introduced to provide
a specified delay in transmitting the sig-
nal. Coaxial cable or inductor-capacitor
networks can be used to provide a short
delay but for longer delays an acoustic
delay line is required. In this device the
signal is converted by the *piezoelectric
effect into an acoustic wave, which is
passed through a liquid or solid medium,
before reconversion to an electronic sig-
nal.

deletion (in genetics) 1. A *point muta-
tion involving the removal of one or more
base pairs in the DNA sequence. 2. A fre-
quently lethal *chromosome mutation
that arises from an inequality in *crossing
over during meiosis such that one of the
chromatids loses more genetic informa-
tion than it receives.

deliquescence The absorption of water
from the atmosphere by a hygroscopic
solid to such an extent that a concen-
trated solution of the solid eventually
forms.

delocalization In certain chemical
compounds the valence electrons cannot
be regarded as restricted to definite bonds
between the atoms but are ‘spread’ over
several atoms in the molecule. Such elec-
trons are said to be delocalized. Delocal-
ization occurs particularly when the

compound contains alternating (conju-
gated) double or triple bonds, the delocal-
ized electrons being those in the pi
*orbitals. The molecule is then more sta-
ble than it would be if the electrons were
localized, an effect accounting for the
properties of benzene and other aromatic
compounds. Another example is in the
ions of carboxylic acids, containing the
carboxylate group -COO™. In terms of a
simple model of chemical bonding, this
group would have the carbon joined to
one oxygen by a double bond (i.e. C=0)
and the other joined to O™ by a single
bond (C-07). In fact, the two C-O bonds
are identical because the extra electron
on the O™ and the electrons in the pi bond
of C=0 are delocalized over the three
atoms.

delta A fan-shaped area of sediment de-
posited at the mouth of a river, where it
enters a lake or the sea. Usually the river
divides and subdivides into many smaller
channels (distributaries), sometimes de-
positing bars and building up levees.
Marshes may border the delta. The sedi-
ment may range in particle size, consist-
ing of gravel, sand, silt, or clay. The larger
material is deposited first as the load-
carrying capacity of the river diminishes,
with the clay being deposited last.

delta-brass A strong hard type of *brass
that contains, in addition to copper and
zinc, a small percentage of iron. It is
mainly used for making cartridge cases.

delta-iron See IRON.

demagnetization The removal of the
ferromagnetic properties of a body by dis-
ordering the domain structure (see MAG-
NETISM). One method of achieving this is
to insert the body within a coil through
which an alternating current is flowing; as
the magnitude of the current is reduced
to zero, the domains are left with no pre-
dominant direction of magnetization.

deme A group of organisms in the same
*taxon. The term is used with various
prefixes that denote how the group differs
from other groups. For example, an
ecodeme occurs in a particular ecological
habitat, cytodemes differ from each other
cytologically, and genodemes differ genet-
ically.
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demodulation The process of extract-
ing the information from a modulated
carrier wave (see MODULATION; RADIO). The
device used is called a demodulator or a
detector.

de Moivre’s theorem For *complex
numbers in polar form, the equation
(cosB + i sin®)" = cosnd + i sinnd. It is true
for all integer values of n. There is at least
one value of the left-hand side of the
equation that makes it also true for non-
integer values of n. It was named after the
French mathematician Abraham de
Moivre (1667-1754).

denature 1. To add a poisonous or un-
pleasant substance to ethanol to make it
unsuitable for human consumption (see
METHYLATED SPIRITS). 2. To produce a
structural change in a protein or nucleic
acid that results in the reduction or loss of
its biological properties. Denaturation is
caused by heat, chemicals, and extremes
of pH. The differences between raw and
boiled eggs are largely a result of denatu-
ration. 3. To add another isotope to a fis-
sile material to make it unsuitable for use
in a nuclear weapon.

dendrimer (dendritic polymer) A type of
macromolecule in which a number of
chains radiate out from a central atom or
cluster of atoms. Dendritic polymers have
a number of possible applications. See also
SUPRAMOLECULAR CHEMISTRY.

dendrite 1. (in chemistry) A crystal that
has branched in growth into two parts.
Crystals that grow in this way (dendritic
growth) have a branching treelike appear-
ance. 2. (in neurology) Any of the slender
branching processes that arise from the
*dendrons of the cell body of a motor
*neuron. It forms connections (see
SYNAPSE) with the axons of other neurons
and transmits nerve impulses from these
to the cell body.

dendrochronology An absolute *dat-
ing technique using the *growth rings of
trees. It depends on the fact that trees in
the same locality show a characteristic
pattern of growth rings resulting from cli-
matic conditions. Thus it is possible to as-
sign a definite date for each growth ring
in living trees, and to use the ring pat-
terns to date fossil trees or specimens of

wood (e.g. used for buildings or objects on
archaeological sites) with lifespans that
overlap those of living trees. The bristle-
cone pine (Pinus aristata), which lives for
up to 5000 years, has been used to date
specimens over 8000 years old. Fossil
specimens accurately dated by dendro-
chronology have been used to make cor-
rections to the *carbon-dating technique.
Dendrochronology is also helpful in study-
ing past climatic conditions. Analysis of
trace elements in sections of rings can
also provide information on past atmos-
pheric pollution.

dendron Any of the major cytoplasmic
processes that arise from the cell body of
a motor neuron. A dendron usually
branches into *dendrites.

denitrification A chemical process in
which nitrates in the soil are reduced to
molecular nitrogen, which is released into
the atmosphere. This process is effected
by denitrifying bacteria (e.g. Pseudomonas
denitrificans), which use nitrates as a
source of energy for other chemical reac-
tions in a manner similar to respiration in
other organisms. Compare NITRIFICATION.
See NITROGEN CYCLE.

densitometer An instrument used to
measure the *photographic density of an
image on a film or photographic print.
Densitometers work by letting the speci-
men transmit or reflect a beam of light
and monitoring the transmitted or
reflected intensity. They originally con-
sisted of visual *photometers but most in-
struments are now photoelectric. The
simplest transmission densitometer con-
sists of a light source, a photosensitive
cell, and a microammeter: the density is
measured in terms of the meter readings
with and without the sample in place.
They have a variety of uses, including de-
tecting the sound track on a cinematic
film, measuring intensities in spectro-
graphic records, and checking photo-
graphic prints.

density 1. The mass of a substance per
unit of volume. In *SI units it is measured
in kg m™. See also RELATIVE DENSITY;
VAPOUR DENSITY. 2. See CHARGE DENSITY.
3. See PHOTOGRAPHIC DENSITY.

density functional theory A theory
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used to describe many-fermion systems in
which the energy is a *functional of the
density of fermions. Density functional
theory has been used extensively in the
theory of electrons in atoms, molecules,
and solids, and the theory of nucleons in
nuclei.

dental caries Tooth decay, which in-
volves the destruction of the enamel layer
of the tooth by acids produced by the ac-
tion of bacteria on sugar. Bacteria can
bind to teeth on dextran, a sticky sub-
stance derived from sucrose. The bacterial
cells and other waste attached to dextran
gives rise to *plaque. If dental caries is not
treated it can spread to the dentine and
pulp of the tooth, which leads to infection
and death of the tooth.

dental formula A representation of the
dentition of an animal. A dental formula
consists of eight numbers, four above and
four below a horizontal line. The numbers
represent (from left to right) the numbers
of incisors, canines, premolars, and mo-
lars in either half of the upper and lower
jaws. The total number of teeth in both
jaws is therefore obtained by adding up
all the numbers in the dental formula and
multiplying by 2. Representative dental
formulas are shown in the illustration. See
also PERMANENT TEETH.

2 1 2 3 man
2 1 2 3 (32 teeth)
2 0 3 3 rabbit

0 2 (28 teeth)
3 1 4 2 bear
31 43 (42 teeth)

Representative dental formulas

denticle (placoid scale) See SCALES.

dentine The bony material that forms
the bulk of a *tooth. Dentine is similar in
composition to bone but is perforated
with many tiny canals for nerve fibres,
blood capillaries, and processes of the
dentine-forming cells (*odontoblasts).
Ivory, the material that forms elephant
tusks, is made of dentine.

dentition The type, number, and ar-
rangement of teeth in a species. This can
be represented concisely by a *dental for-

mula. See also PERMANENT TEETH; DIPHYO-
DONT; MONOPHYODONT; POLYPHYODONT;
HETERODONT; HOMODONT.

deoxyribonuclease See DNASE.
deoxyribonucleic acid See DNA.

deoxyribose (2-deoxyribose) A pentose
(five-carbon) sugar, a derivative of *ribose,
that is a component of the nucleotides
(deoxyribonucleotides) that form the
building blocks of *DNA.

depleted Denoting a material that con-
tains less of a particular isotope than it
normally contains, especially a residue
from a nuclear reactor or isotope-
separation plant containing fewer fissile
atoms than natural uranium.

depletion layer A region in a *semi-
conductor that has a lower-than-usual
number of mobile charge carriers. A de-
pletion layer forms at the interface be-
tween two dissimilar regions of
conductivity (e.g. a p-n junction). See
DIODE.

depolarization 1. (in physics) The pre-
vention of *polarization in a *primary
cell. For example, maganese(IV) oxide (the
depolarizer) is placed around the positive
electrode of a *Leclanché cell to oxidize
the hydrogen released at this electrode.

2. (in neurophysiology) A reduction in the
difference of electrical potential that ex-
ists across the plasma membrane of a
nerve or muscle cell. Depolarization of a
nerve-cell membrane occurs during the
passage of an *action potential along the
axon when the nerve is transmitting an
impulse.

deposition The laying down of material
on the earth’s surface. This includes ma-
terials that have been eroded elsewhere
and transported by natural agents, such as
rivers, wind, ice (e.g. glaciers), and the
tides and currents in the sea. It also in-
cludes the deposition of materials result-
ing from chemical precipitation, the
formation of crusts on the earth’s surface
through evaporation, and the growth, ac-
cumulation, and decay of natural organ-
isms.

depression (low; disturbance) An area of
low atmospheric pressure in the mid- and
high-latitudes that is shown on a synoptic
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chart (weather map) surrounded by sev-
eral closed isobars. Depressions generally
move towards the northeast in the north-
ern hemisphere and towards the south-
east in the southern hemisphere.
Unsettled weather conditions are associ-
ated with depressions and they form the
main source of precipitation in most low-
land parts of the mid-latitudes.

depression of freezing point The re-
duction in the freezing point of a pure lig-
uid when another substance is dissolved
in it. It is a *colligative property - i.e. the
lowering of the freezing point is propor-
tional to the number of dissolved particles
(molecules or ions), and does not depend
on their nature. It is given by At = K¢C,,,
where C,, is the molar concentration of
dissolved solute and K¢ is a constant (the
cryoscopic constant) for the solvent used.
Measurements of freezing-point depres-
sion (using a Beckmann thermometer) can
be used for finding relative molecular
masses of unknown substances.

depth of field The range of distance in
front of and behind an object that is being
focused by an optical instrument, such as
a microscope or camera, within which
other objects will be in focus. The depth
of focus is the amount by which the dis-
tance between the camera and the film
can be changed without upsetting the
sharpness of the image.

derivative 1. (in chemistry) A com-
pound that is derived from some other
compound and usually maintains its gen-
eral structure, e.g. trichloromethane (chlo-
roform) is a derivative of methane. 2. (in
mathematics) See DIFFERENTIATION; CALCU-
LUS.

derived unit See BASE UNIT.
dermal bone See MEMBRANE BONE.

Dermaptera An order of insects com-
prising the earwigs. Earwigs typically
have long thin cylindrical bodies with bit-
ing mouthparts and a stout pair of curved
forceps at the tip of the abdomen, used
for catching prey and in courtship. Some
species have a single pair of wings, which
at rest are folded back over the abdomen
like a fan; others are wingless. Most ear-
wigs are nocturnal and omnivorous.

dermis (corium; cutis) The thicker and in-
nermost layer of the *skin of vertebrates,
the other layer being the *epidermis. The
dermis consists of fibrous connective tis-
sue in which are embedded blood vessels,
sensory nerve endings, and (in mammals)
hair follicles, sebaceous glands, and sweat
ducts. Beneath the dermis lies the *subcu-
taneous tissue.

desalination The removal of salt from
sea water for irrigation of the land or to
provide drinking water. The process is
normally only economic if a cheap source
of energy, such as the waste heat from a
nuclear power station, can be used. De-
salination using solar energy has the
greatest economic potential since short-
age of fresh water is most acute in hot re-
gions. The methods employed include
evaporation, often under reduced pres-
sure (flash evaporation); freezing (pure ice
forms from freezing brine); *reverse os-
mosis; *electrodialysis; and *ion ex-
change.

desert A major terrestrial *biome char-
acterized by low rainfall. Hot deserts, such
as the Sahara and Kalahari deserts of
Africa, have a rainfall of less than 25 cm a
year and extremely high daytime temper-
atures (up to 36°C). Vegetation is sparse,
and desert plants are adapted to conserve
water and take advantage of the rain
when it falls. The perennials include xero-
phytic trees and shrubs (see XEROPHYTE)
and *succulents, such as cacti. Annual
plants are *ephemerals, lying dormant as
seeds for most of the year and completing
their life cycle in the brief rainy periods.
Desert animals are typically nocturnal or
active at dawn and dusk, thus avoiding
the extreme daytime temperatures.

desertification The gradual conversion
of fertile land into desert, usually as a re-
sult of human activities. Loss of topsoil
leads to further soil erosion until the land
can no longer be used to grow crops or
support livestock. A major factor con-
tributing to desertification is bad man-
agement of farmland. Overgrazing of
livestock removes the plant cover and ex-
poses the soil, making it vulnerable to
erosion. Overintensive cultivation of crop
plants, especially monoculture (see AGRI-
CULTURE), depletes the soil of nutrients
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and organic matter, resulting in loss of
fertility and increasing its susceptibility to
erosion. In many Third World countries it
is difficult to control the process of
desertification as the livelihood of the
people often depends on practices that
contribute to soil erosion. Another major
cause of desertification is *deforestation.

desiccation A method of preserving or-
ganic material by the removal of its water
content. Cells and tissues can be pre-
served by desiccation after lowering the
samples to freezing temperatures; there-
after they can be stored at room tempera-
ture.

desiccator A container for drying sub-
stances or for keeping them free from
moisture. Simple laboratory desiccators
are glass vessels containing a drying
agent, such as silica gel. They can be evac-
uated through a tap in the lid.

desmids Unicellular mainly freshwater
green algae that belong to the class
Desmidioideae. Like Spirogyra, they have
an elaborate chloroplast. The cells of
desmids are characteristically split into
two halves joined by a narrow neck, each
half being a mirror image of the other.
The outer wall of the cell is patterned
with various protuberances and covered
with a mucilaginous sheath, which may
function in the cell’s gliding movement.

desmotubule Sce PLASMODESMATA.

desorption The removal of adsorbed
atoms, molecules, or ions from a surface.

destructive distillation The process of
heating complex organic substances in
the absence of air so that they break
down into a mixture of volatile products,
which are condensed and collected. At
one time the destructive distillation of
coal (to give coke, coal tar, and coal gas)
was the principal source of industrial or-
ganic chemicals.

detailed balance The cancellation of
the effect of one process by another pro-
cess that operates at the same time with
the opposite effect. An example of de-
tailed balance is provided by a chemical
reaction between two molecular species A
and B, which results in the formation of
the molecular species C and D. Detailed

balance for this chemical reaction occurs
if the rate at which the reaction A + B —
C + D occurs is equal to the rate at which
the reaction C + D — A + B occurs. The
equilibrium state in thermodynamics is
characterized by detailed balance. When
there is detailed balance in a system, the
*self-organization far from equilibrium as-
sociated with *non-equilibrium statistical
mechanics cannot occur.

detector 1. See DEMODULATION. 2. See
COUNTER.

detergent A substance added to water
to improve its cleaning properties. Al-
though water is a powerful solvent for
many compounds, it will not dissolve
grease and natural oils. Detergents are
compounds that cause such nonpolar sub-
stances to go into solution in water. *Soap
is the original example, owing its action
to the presence of ions formed from long-
chain fatty acids (e.g. the octadecanoate
(stearate) ion, CH3(CH,);,COO"). These
have two parts: a nonpolar part (the
hydrocarbon chain), which attaches to
the grease; and a polar part (the -COO~
group), which is attracted to the water. A
disadvantage of soap is that it forms a
scum with hard water (see HARDNESS OF
WATER) and is relatively expensive to
make. Various synthetic (‘soapless’) deter-
gents have been developed from petro-
chemicals. The commonest, used in
washing powders, is sodium dodecylben-
zenesulphonate, which contains
CH;(CH,)1,CsH,4SO,0" ions. This, like soap,
is an example of an anionic detergent, i.e.
one in which the active part is a negative
ion. Cationic detergents have a long
hydrocarbon chain connected to a posi-
tive ion. Usually they are amine salts, as
in CH;(CH,),5N(CH;);*Br~, in which the
polar part is the -N(CHa;);* group. Non-
ionic detergents have nonionic polar
groups of the type -C,H,-0O-C,H,-OH,
which form hydrogen bonds with the
water. Synthetic detergents are also used
as wetting agents, emulsifiers, and stabi-
lizers for foam.

determinant A *scalar quantity written
|A| or det A. It represents a particular
defined sum of products of a square *ma-
trix. The determinant |A| expands as

|?g| =ad - bc.
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determined Describing embryonic tis-
sue at a stage when it can develop only as
a certain kind of tissue (rather than as any
kind).

detonating gas A mixture of hydrogen
and oxygen in the ratio two parts hydro-
gen to one part oxygen by volume, pro-
duced by electrolysis of water. When
sparked or ignited it explodes to produce
water.

detoxification (detoxication) The pro-
cess by which harmful compounds, such
as drugs and poisons, are converted to less
toxic compounds in the body. Detoxifica-
tion is an important function of the
*liver. See also PHASE I METABOLISM; PHASE
I METABOLISM.

detritivore An animal that feeds on
*detritus. Examples of detritivores are
earthworms, blowflies, maggots, and
woodlice. Detritivores play an important
role in the breakdown of organic matter
from decomposing animals and plants (see
DECOMPOSER).

detritus Particles of organic material de-
rived from dead and decomposing organ-
isms, resulting from the activities of the
*decomposers. Detritus is the source of
food for *detritivores, which can them-
selves be eaten by carnivores in a detritus
food chain:

detritus — detritivore — carnivore.

deuterated compound A compound
in which some or all of the hydrogen-1
atoms have been replaced by deuterium
atoms.

deuterium (heavy hydrogen) Symbol D.
The isotope of hydrogen that has a mass
number 2 (r.a.m. 2.0144). Its nucleus con-
tains one proton and one neutron. The
abundance of deuterium in natural hydro-
gen is about 0.015%. It is present in water
as the oxide HDO (see also HEAVY WATER),
from which it is usually obtained by elec-
trolysis or fractional distillation. Its chemi-
cal behaviour is almost identical to
hydrogen although deuterium compounds
tend to react rather more slowly than the
corresponding hydrogen compounds. Its
physical properties are slightly different
from those of hydrogen, e.g. b.p. 23.6 K
(hydrogen 20.4 K).

deuterium oxide Seec HEAVY WATER.

Deuteromycota A phylum that is used
in some classifications to include all fungi
in which sexual reproduction is absent.
They are also known as Fungi Imperfecti
(‘imperfect fungi’). They are usually re-
garded as ascomycetes or basidiomycetes
that have lost the ability to produce asci
or basidia, respectively. Examples of these
fungi are the Penicillium moulds.

deuteron A nucleus of a deuterium
atom, consisting of a proton and a neu-
tron bound together.

Devarda’s alloy An alloy of copper
(50%), aluminium (45%) and zinc (5%), used
in chemical tests for the nitrate ion (in al-
kaline solutions it reduces a nitrate to am-
monia).

development (in biology) The complex
process of growth and maturation that oc-
curs in living organisms. Cell division and
differentiation are important processes in
development. In vertebrate animals there
are three developmental stages: (1) *cleav-
age, in which the zygote divides to form a
ball of cells, the *blastula; (2) gastrulation,
in which the cells become arranged in
three primary *germ layers (see GAS-
TRULA); (3) organogenesis (or organogeny),
in which further cell division and differ-
entiation results in the formation of
organs. The development of many inver-
tebrates (e.g. insects) and amphibians in-
volves the process of *metamorphosis. See
also MORPHOGENESIS; PRIMARY GROWTH.

deviation 1. (angle of deviation) The
angle formed between a ray of light
falling on a surface or transparent body
and the ray leaving it. 2. The difference
between one of an observed set of values
and the true value, usually represented by
the mean of all the observed values. The
mean deviation is the mean of all the indi-
vidual deviations of the set. See STANDARD
DEVIATION.

devitrification Loss of the amorphous
nature of glass as a result of crystalliza-
tion.

Devonian A geological period in the
Palaeozoic era that extended from the end
of the Silurian (about 408 million years
ago) to the beginning of the Carbonifer-
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ous (about 360 million years ago). It was
named by Adam Sedgwick (1785-1873)
and Roderick Murchison (1792-1871) in
1839. The Devonian is divided into seven
stages based on invertebrate fossil re-
mains, such as corals, brachiopods, am-
monoids, and crinoids, found in marine
deposits. There were also extensive conti-
nental deposits consisting of conglomer-
ates, red silts, and sandstones, forming
the Old Red Sandstone facies. Fossils in
the Old Red Sandstone include fishes and
the earliest land plants. Graptolites be-
came extinct early in the Devonian and
the trilobites declined.

de Vries, Hugo See MENDEL, JOHANN
GREGOR.

dew See PRECIPITATION.

Dewar, Sir James (1842-1923) British
chemist and physicist, born in Scotland.
In 1875 he became a professor at Cam-
bridge University, while carrying out
much of his experimental work at the
Royal Institution in London. He began
studying gases at low temperatures and in
1872 invented the *Dewar flask. In 1891,
together with Frederick Abel (1827-1902),
he developed the smokeless propellant ex-
plosive *cordite, and in 1898 was the first
to liquefy hydrogen.

Dewar flask A vessel for storing hot or
cold liquids so that they maintain their
temperature independently of the sur-
roundings. Heat transfer to the surround-
ings is reduced to a minimum: the walls
of the vessel consist of two thin layers of
glass (or, in large vessels, steel) separated
by a vacuum to reduce conduction and
convection; the inner surface of a glass
vessel is silvered to reduce radiation; and
the vessel is stoppered to prevent evapora-
tion. It was devised around 1872 by Sir
James Dewar and is also known by its first
trade name Thermos flask. See also CRYO-
STAT.

Dewar structure A proposed structure
of *benzene, having a hexagonal ring of
six carbon atoms with two opposite atoms
joined by a long single bond across the
ring and with two double C-C bonds, one
on each side of the hexagon. Dewar struc-
tures contribute to the resonance hybrid
of benzene.

dew point The temperature at which
the water vapour in the air is saturated.
As the temperature falls the dew point is
the point at which the vapour begins to
condense as droplets of water.

dew-point hygrometer See HYGROM-
ETER.

dextrin An intermediate polysaccharide
compound resulting from the hydrolysis
of starch to maltose by amylase enzymes.

dextrorotatory Denoting a chemical
compound that rotates the plane of polar-
ization of plane-polarized light to the
right (clockwise as observed by someone
facing the oncoming radiation). See OPTI-
CAL ACTIVITY.

dextrose See GLUCOSE.

diabetes Sec ANTIDIURETIC HORMONE;
INSULIN.

diacylglycerol See iNOSITOL.

diagenesis The processes, both chemi-
cal and physical, that modify a sediment
once it has become buried. A material,
such as calcite or silica, may crystallize
and form a cement that binds together
the particles of a sedimentary rock.
Changes in temperature and pressure
may convert one type of clay into an-
other. New minerals may be deposited or
formed by recrystallization, such as the
formation of calcite from aragonite.

diagonal relationship A relationship
within the periodic table by which certain
elements in the second period have a
close chemical similarity to their diagonal
neighbours in the next group of the third
period. This is particularly noticeable with
the following pairs.

Lithium and magnesium:
(1) both form chlorides and bromides that
hydrolyse slowly and are soluble in
ethanol;
(2) both form colourless or slightly col-
oured crystalline nitrides by direct reac-
tion with nitrogen at high temperatures;
(3) both burn in air to give the normal
oxide only;
(4) both form carbonates that decompose
on heating.

Beryllium and aluminium:
(1) both form highly refractory oxides
with polymorphs;
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(2) both form crystalline nitrides that are
hydrolysed in water;

(3) addition of hydroxide ion to solutions
of the salts gives an amphoteric hydrox-
ide, which is soluble in excess hydroxide
giving beryllate or aluminate ions
[Be(OH),>” and [ALOH),J;

(4) both form covalent halides and cova-
lent alkyl compounds that display bridg-
ing structures;

(5) both metals dissolve in alkalis.

Boron and silicon:

(1) both display semiconductor properties;
(2) both form hydrides that are unstable
in air and chlorides that hydrolyse in
moist air;

(3) both form acidic oxides with covalent
crystal structures, which are readily incor-
porated along with other oxides into a
wide range of glassy materials.

The reason for this relationship is a
combination of the trends to increase size
down a group and to decrease size along a
period, and a similar, but reversed, effect
in electronegativity, i.e. decrease down a
group and increase along a period.

diakinesis The period at the end of the
first prophase of *meiosis when the sepa-
ration of *homologous chromosomes is al-
most complete and *crossing over has
occurred.

dialysis A method by which large mol-
ecules (such as starch or protein) and
small molecules (such as glucose or amino
acids) in solution may be separated by se-
lective diffusion through a semipermeable
membrane. For example, if a mixed solu-
tion of starch and glucose is placed in a
closed container made of a semiperme-
able substance (such as Cellophane),
which is then immersed in a beaker of
water, the smaller glucose molecules will
pass through the membrane into the
water while the starch molecules remain
behind. The plasma membranes of living
organisms are semipermeable, and dialy-
sis takes place naturally in the kidneys for
the excretion of nitrogenous waste. An
artificial kidney (dialyser) utilizes the prin-
ciple of dialysis by taking over the func-
tions of diseased kidneys.

diamagnetism Sce MAGNETISM.

1,6-diaminohexane (hexamethylene-
diamine) A solid colourless amine,

H,N(CH,)¢NH,; m.p. 41°C; b.p. 204°C. It is
made by oxidizing cyclohexane to hexane-
dioic acid, reacting this with ammonia to
give the ammonium salt, and dehydrating
the salt to give hexanedionitrile
(NC(CH,)6CN). This is reduced with hydro-
gen to the diamine. The compound is
used, with hexanedioic acid, for produc-
ing *nylon 6,6.

diamond The hardest known mineral
(with a hardness of 10 on Mohs’ scale). It
is an allotropic form of pure *carbon that
has crystallized in the cubic system, usu-
ally as octahedra or cubes, under great
pressure. Diamond crystals may be colour-
less and transparent or yellow, brown, or
black. They are highly prized as gem-
stones but also have extensive uses in in-
dustry, mainly for cutting and grinding
tools. Diamonds occur in ancient volcanic
pipes of kimberlite; the most important
deposits are in South Africa but others
are found in Tanzania, the USA, Russia,
and Australia. Diamonds also occur in
river deposits that have been derived
from weathered kimberlite, notably in
Brazil, Democratic Republic of Congo,
Sierra Leone, and India. Industrial dia-
monds are increasingly being produced
synthetically.

diapause A period of suspended devel-
opment or growth occurring in many in-
sects and other invertebrates during
which metabolism is greatly decreased. It
is often triggered by seasonal changes and
regulated by an inborn rhythm and en-
ables the animal to survive unfavourable
environmental conditions so that its off-
spring may be produced in more favour-
able ones. The egg is the most common
diapausal stage.

diaphragm 1. (in optics) An opaque disc
with a circular aperture at its centre. Dia-
phragms of different sizes are used to
control the total light flux passing
through an optical system or to reduce
aberration by restricting the light passing
through a system to the central portion.
An iris diaphragm consists of a number of
overlapping crescent-shaped discs ar-
ranged so that the central aperture can be
continuously varied in diameter. 2. (in
anatomy) The muscular membrane that
divides the thorax (chest) from the ab-
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domen in mammals. It plays an essential
role in breathing (see RESPIRATORY MOVE-
MENT), being depressed during inhalation
and raised during exhalation.

diaphysis The shaft of a mammalian
limb bone, which in immature animals is
separated from the ends of the bone (see
EPIPHYSIS) by cartilage.

diaspore A mineral form of a mixed alu-
minium oxide and hydroxide, A10.OH. See
ALUMINIUM HYDROXIDE.

diastase See AMYLASE.

diastema The gap that separates the bit-
ing teeth from the grinding teeth in her-
bivores. It creates a space in which food
can be held in readiness for the grinding
action of the teeth. This space is filled by
large canine teeth in carnivores.

diastereoisomers Stereoisomers that
are not identical and yet not mirror im-
ages. For instance, the d-isomer of tartaric
acid and the meso-isomer constitute a pair
of diastereoisomers. See OPTICAL ACTIVITY.

diastole The phase of a heart beat that
occurs between two contractions of the
heart, during which the heart muscles
relax and the ventricles fill with blood.
Compare SYSTOLE. See BLOOD PRESSURE.

diatomic molecule A molecule formed
from two atoms (e.g. H, or HCI).

diatoms See¢ BACILLARIOPHYTA.
diazine See AZINE.

diazo compounds Organic compounds
containing two linked nitrogen com-
pounds. The term includes *azo com-
pounds, diazonium compounds, and also
such compounds as diazomethane, CH,N,.

diazonium salts Unstable salts contain-
ing the ion C¢HsN,* (the diazonium ion:
see formula). They are formed by *diazoti-
zation reactions.

¥
N=N
Structure of diazonium ion CgHsN,*

diazotization The formation of a *dia-
zonium salt by reaction of an aromatic

amine with nitrous acid at low tempera-
ture (below 5°C). The nitrous acid is pro-

duced in the reaction mixture from
sodium nitrite and hydrochloric acid:

ArNH, + NaNO, + HCl — AIN'N + CI" +
Na*+ OH" + H,0

dibasic acid An *acid that has two
acidic hydrogen atoms in its molecules.
Sulphuric (H,SO,) and carbonic (H,COs)
acids are common examples.

1,2-dibromoethane A colourless liquid
*haloalkane, BrCH,CH,Br; r.d. 2.2; m.p.
9.79°C; b.p. 131.36°C. It is made by addi-
tion of bromine to ethene and used as

an additive in petrol to remove lead dur-
ing combustion as the volatile lead bro-
mide.

dicarbide See CARBIDE.

dicarboxylic acid A *carboxylic acid
having two carboxyl groups in its mol-
ecules. In systematic chemical nomencla-
ture, dicarboxylic acids are denoted by the
suffix -dioic; e.g. hexanedioic acid,
HOOC(CH,),COOH.

dichasium See CYMOSE INFLORESCENCE.

dichlorine oxide (chlorine monoxide) A
strongly oxidizing orange gas, Cl,0, made
by oxidation of chlorine using mercury(II)
oxide. It is the acid anhydride of chloric(I)
acid.

dichloroethanoic acid See cHLORO-
ETHANOIC ACIDS.

dichloromethane (methylene chloride)
A colourless, slightly toxic liquid, CH,Cl,,
b.p. 41°C. It has a characteristic odour
similar to that of trichloromethane (chlo-
roform), from which it is made by heating
with zinc and hydrochloric acid. It is used
as a refrigerant and solvent (for paint
stripping and degreasing).

2,4-dichlorophenoxyacetic acid See
2,4-D.

dichogamy The condition in which the
male and female reproductive organs of a
flower mature at different times, thereby
ensuring that self-fertilization does not
occur. Compare HOMOGAMY. See also
PROTANDRY; PROTOGYNY.

dichotomous Describing the type of
branching in plants that results when the
growing point (apical bud) divides into
two equal growing points, which in turn
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divide in a similar manner after a period
of growth, and so on. Dichotomous
branching is common is ferns and mosses.

dichroism The property of some crys-
tals, such as tourmaline, of selectively ab-
sorbing light vibrations in one plane
while allowing light vibrations at right an-
gles to this plane to pass through. Pola-
roid is a synthetic dichroic material. See
POLARIZATION.

dichromate(VI) A salt containing the
ion Cr,0,". Solutions containing dichro-
mate(VI) ions are strongly oxidizing.

Dicotyledoneae One of the two classes
of flowering plants (see ANTHOPHYTA), dis-
tinguished by having two seed leaves
(*cotyledons) within the seed. The di-
cotyledons usually have leaf veins in the
form of a net, a ring of vascular bundles
in the stem, and flower parts in fours or
fives or multiples of these. Dicotyledons
include many food plants (e.g. potatoes,
peas, beans), ornamentals (e.g. roses, ivies,
honeysuckles), and hardwood trees (e.g.
oaks, limes, beeches). Compare MONO-
COTYLEDONEAE. See also EUDICOT.

Dictyoptera An order of insects (some-
times classified as *Orthoptera) compris-
ing the cockroaches (suborder Blattaria)
and the mantids (suborder Mantodea), oc-
curring mainly in tropical regions. Cock-
roaches are oval and flattened in shape;
some have a single well-developed pair of
wings, folded back over the abdomen at
rest, while in others the wings may be re-
duced or absent. They are usually found
in forest litter, feeding on dead organic
matter, but some species, e.g. the Ameri-
can cockroach (Periplaneta americana), are
major household pests, scavenging on
starchy foods, fruits, etc. In most species
the females produce capsules (oothecae)
containing 16-40 eggs. These are either
deposited or carried by the female during
incubation.

dielectric A nonconductor of electric
charge in which an applied electric field
causes a *displacement of charge but not
a flow of charge. Electrons within the
atoms of a dielectric are, on average, dis-
placed by an applied field with respect to
the nucleus, giving rise to a dipole that
has an electric moment in the direction of

the field. The resulting stress within the
dielectric is known as the electric polariza-
tion (P) and is defined by P=D - Eg,,
where D is the displacement, E is the elec-
tric field strength, and ¢, is the electric
constant.

The dielectric constant is now called the
relative *permittivity. The dielectric
strength is the maximum potential gradi-
ent that can be applied to a material with-
out causing it to break down. It is usually
expressed in volts per millimetre. See also
CAPACITOR.

dielectric constant See PERMITTIVITY.

dielectric heating The heating of a di-
electric material, such as a plastic, by ap-
plying a radio-frequency electric field to it.
The most common method is to treat the
material as the dielectric between the
plates of a capacitor. The heat produced is
proportional to V*fA¢/t, where V is the ap-
plied potential difference, fits frequency,
Ais the area of the dielectric, t its thick-
ness, and ¢ is the loss factor of the ma-
terial (related to its *permittivity).

Diels-Alder reaction A type of chemi-
cal reaction in which a compound con-
taining two double bonds separated by a
single bond (i.e. a conjugated *diene) adds
to a suitable compound containing one
double bond (known as the dienophile) to
give a ring compound. In the dienophile,
the double bond must have a carbonyl
group on each side. It is named after the
German chemists Otto Diels (1876-1954)
and Kurt Alder (1902-58), who discovered
it in 1928.

diene An *alkene that has two double
bonds in its molecule. If the two bonds
are separated by one single bond, as in
buta-1,3-diene CH,:CHCH:CH,, the com-
pound is a conjugated diene.

dienophile See DIELS-ALDER REACTION.

Diesel engine Se¢ INTERNAL-
COMBUSTION ENGINE.

diet The food requirements of an organ-
ism. The foods that constitute the human
diet should contain vitamins, mineral
salts (see ESSENTIAL ELEMENT), and dietary
*fibre as well as water, carbohydrates and
fats (which provide energy), and proteins
(required for growth and maintenance). A
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balanced diet contains of the correct pro-
portions of these *nutrients, which will
vary depending on the age, sex, body size,
and the level of activity of the individual.
An inadequate supply of different food
types in the diet can lead to *malnutri-
tion.

dietary fibre See FIBRE.
diethyl ether See ETHOXYETHANE.
differential calculus See carcurus.

differential equation An equation in
which a derivative of y with respect to x
appears as well as the variables x and y.
The order of a differential equation is the
order of its highest derivative. The degree
of the equation is the highest power pres-
ent of the highest-order derivative. There
are many types of differential equation,
each having its own method of solution.
The simplest type has separable variables,
enabling each side of the equation to be
integrated separately.

differential scanning calorimetry
(DSC) See THERMAL ANALYSIS.

differential thermal analysis (DTA)
See THERMAL ANALYSIS.

differentiation 1. (in mathematics) The
process of finding the derivative of a func-
tion in differential *calculus. If y = f(x),
the derivative of y, written dy/dx or f(x), is
equal to the limit as Ax — 0 of [f(x + Ax) -
fx))/Ax. In general, if y = x", then dy/dx =
nx"'. On a graph of y = f(x), the derivative
dy/dx is the gradient of the tangent to the
curve at the point x. 2. (in biology) The
changes from simple to more complex
forms undergone by developing tissues
and organs so that they become special-
ized for particular functions. Differ-
entiation occurs during embryonic
development, *regeneration, and (in
plants) meristematic activity (see MERI-
STEM). See also HOMEOTIC GENES.

diffraction The spreading or bending of
waves as they pass through an aperture or
round the edge of a barrier. The diffracted
waves subsequently interfere with each
other (see INTERFERENCE) producing re-
gions of reinforcement and weakening.
First noticed as occurring with light by
Francesco Grimaldi (1618-63), the phe-
nomenon gave considerable support to

the wave theory of light. Diffraction also
occurs with streams of particles such as
electrons because of the quantum-
mechanical wave nature of such particles.
See also FRESNEL DIFFRACTION; FRAUNHOFER
DIFFRACTION; ELECTRON DIFFRACTION.

diffraction grating A device for pro-
ducing spectra by diffraction and inter-
ference. The usual grating consists of a
glass or speculum-metal sheet with a
very large number of equidistant parallel
lines ruled on it (usually of the order of
1000 per mm). Diffracted light after trans-
mission through the glass or reflection

by the speculum produces maxima of il-
lumination (spectral lines) according to
the equation m\ = d(sini + sin®), where d
is the distance between grating lines, A

is the wavelength of the light, i is the
angle of incidence, 6 the direction of the
diffracted maximum, and m is the ‘order’
of the spectral line. Reflection gratings are
also used to produce spectra in the ultra-
violet region of the electromagnetic spec-
trum.

diffusion 1. The process by which dif-
ferent substances mix as a result of the
random motions of their component
atoms, molecules, and ions. In gases, all
the components are perfectly miscible
with each other and mixing ultimately be-
comes nearly uniform, though slightly af-
fected by gravity. The diffusion of a solute
through a solvent to produce a solution of
uniform concentration is slower, but oth-
erwise very similar to the process of
gaseous diffusion. Diffusion of small mol-
ecules and ions across a *cell membrane
is known as passive transport. In solids,
diffusion occurs very slowly at normal
temperatures. See also FICK’S LAW; GRA-
HAM’S LAW. 2. The scattering of a beam of
light by reflection at a rough surface or by
transmission through a translucent
(rather than transparent) medium, such as
frosted glass. 3. The passage of elemen-
tary particles through matter when there
is a high probability of scattering and a
low probability of capture.

diffusion cloud chamber See cLouD
CHAMBER.

diffusion gradient See CONCENTRATION
GRADIENT.
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diffusion pump (condensation pump)
A *vacuum pump in which oil or mercury
vapour is diffused through a jet, which
entrains the gas molecules from the con-
tainer in which the pressure is to be re-
duced. The diffused vapour and entrained
gas molecules are condensed on the
cooled walls of the pump. Pressures down
to 1077 Pa can be reached by sophisticated
forms of the diffusion pump.

digestion The breakdown by a living or-
ganism of ingested food material into
chemically simpler forms that can be
readily absorbed and assimilated by the
body. This process requires the action of
digestive enzymes and may take place ex-
tracellularly (i.e. in the *alimentary canal),
as is the case in most animals; or intracel-
lularly (e.g. by engulfing phagocytic cells),
as occurs in protozoans and cnidarians.

digestive system The system of organs
that are involved in the process of *diges-
tion. The digestive system of mammals is
divided into the gastrointestinal tract (see
ALIMENTARY CANAL) and accessory struc-
tures, such as teeth, tongue, liver, pan-
creas, and gall bladder.

digit 1. (in mathematics) A symbol used
to represent a single number. For exam-
ple, the number 479 consists of three dig-
its. 2. (in anatomy) A finger or toe. In the
basic limb structure of terrestrial verte-
brates there are five digits (see PENTA-
DACTYL LIMB). This number is retained in
man and other primates, but in some
other species the number of digits is re-
duced. Frogs, for example, have four
fingers and five toes, and in ungulate
(hooved) mammals, the digits are reduced
and their tips are enclosed in horn, form-
ing hooves.

digital audio tape See DAT.

digital camera A form of camera in
which film is replaced by a semiconductor
CCD array, which records the picture and
stores it within the camera in a (usually)
replaceable memory module. Often a
viewing screen is built in allowing imme-
diate reviewing of the pictures stored. Pic-
tures can be transferred to a computer for
later viewing, editing, and printing.

digital computer See COMPUTER.

digital display A method of indicating
a reading of a measuring instrument,
clock, etc., in which the appropriate num-
bers are generated on a fixed display unit
by the varying parameter being measured
rather than fixed numbers on a scale
being indicated by a moving pointer or
hand. See DIGITRON; LIGHT-EMITTING
DIODE; LIQUID-CRYSTAL DISPLAY.

digital recording A method of record-
ing or transmitting sound in which the
sound itself is not transmitted or
recorded. Instead the pressure in the
sound wave is sampled at least 30 000
times per second and the successive val-
ues represented by numbers, which are
then transmitted or recorded. Afterwards
they are restored to analogue form in the
receiver or player. This method is used for
very high fidelity recordings as no distor-
tion or interference occurs during trans-
mission or in the recording process.

digitigrade Describing the gait of most
fast-running animals, such as dogs and
cats, in which only the toes are on the
ground and the rest of the foot is raised
off the ground. Compare PLANTIGRADE; UN-
GULIGRADE.

digitron An electronic gas-discharge
tube that provides a *digital display in cal-
culators, counters, etc. It usually has 10
cold cathodes shaped into the form of the
digits 0-9. The cathode selected receives a
voltage pulse causing a glow discharge to
illuminate the digit. It has now largely
been superseded by *light-emitting diodes
and *liquid-crystal displays.

dihedral (dihedron) An angle formed by
the intersection of two planes (e.g. two
faces of a polyhedron). The dihedral angle
is the angle formed by taking a point on
the line of intersection and drawing two
lines from this point, one in each plane,
perpendicular to the line of intersection.

dihybrid cross A genetic cross between
parents that differ in two characteristics,
controlled by genes at different loci.
Mendel performed a dihybrid cross using
pea plants and the characteristics of seed
colour and texture: the parental plants
had either smooth yellow seeds (SSYY) -
the dominant characteristics - or wrin-
kled green seeds (ssyy) - the recessive
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characteristics. All the offspring had
smooth yellow seeds, being heterozygous
(SsYy) for the two alleles. Crossing be-
tween these offspring produced an F, gen-
eration of plants with smooth yellow,
smooth green, wrinkled yellow, and wrin-
kled green seeds in the ratio 9:3:3:1 (see il-
lustration). Mendel used these results as
the basis for his Law of Independent As-
sortment (see MENDEL’S LAWS). Compare
MONOHYBRID CROSS.

dihydrate A crystalline hydrate contain-
ing two moles of water per mole of com-
pound.

dihydric alcohol See p1or.

1,2-dihydroxybenzene (catechol) A
colourless crystalline phenol, C¢H,(OH),;

3

-

r.d. 1.15; m.p. 105°C; b.p. 245°C. It is used
as a photographic developer.

2,3-dihydroxybutanedioic acid See
TARTARIC ACID.

dikaryon A cell of a fungal hypha or
mycelium containing two haploid nuclei
of different strains. The nuclei associate in
pairs but do not fuse, therefore the cell is
not truly diploid. Dikaryosis occurs in the
Basidiomycota and Ascomycota.

dilatancy See NEWTONIAN FLUID.

dilation (dilatation) 1. An increase in
volume. See also VASODILATION. 2. See TIME
DILATION.

dilatometer A device for measuring the
cubic *expansivities of liquids. It consists
of a bulb of known volume joined to a
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graduated capillary tube, which is closed
at the top to prevent evaporation. A
known mass of liquid is introduced into
the device, which is submerged in a bath
maintained at different temperatures t,
and t,. The two volumes corresponding to
these temperatures, V; and V,, are read
off the calibrated stem. The value of the
cubic expansivity (y) is then given by

¥= (Va2 = Va)[Vilts - 1y).

dilead(ll) lead(IV) oxide A red amor-
phous powder, Pb;0,; r.d. 9.1; decomposes
at 500°C to lead(Il) oxide. It is prepared by
heating lead(Il) oxide to 400°C and has the
unusual property of being black when hot
and red-orange when cold. The compound
is nonstoichiometric, generally containing
less oxygen than implied by the formula.
It is largely covalent and has Pb(IV)Og
octahedral groups linked together by
Pb(II) atoms, each joined to three oxygen
atoms. It is used in glass making but its
use in the paint industry has largely been
discontinued because of the toxicity of
lead. Dilead(II) lead(IV) oxide is commonly
called red lead or, more accurately, red
lead oxide.

diluent A substance added to dilute a so-
lution or mixture (e.g. a *filler).

dilute Describing a solution that has a
relatively low concentration of solute.

dilution The volume of solvent in which
a given amount of solute is dissolved.

dilution law See OSTWALD’S DILUTION
LAW.

dimensional analysis A method of
checking an equation or a solution to a
problem by analysing the dimensions in
which it is expressed. It is also useful for
establishing the form, but not the numeri-
cal coefficients, of an empirical relation-
ship. If the two sides of an equation do
not have the same dimensions, the equa-
tion is wrong. If they do have the same di-
mensions, the equation may still be
wrong, but the error is likely to be in the
arithmetic rather than the method of so-
lution.

dimensionless units See s1 UNITS.

dimensions The product or quotient of
the basic physical quantities, raised to the

appropriate powers, in a derived physical
quantity. The basic physical quantities of
a mechanical system are usually taken to
be mass (M), length (L), and time (T). Using
these dimensions, the derived physical
quantity velocity will have the dimen-
sions L/T and acceleration will have the di-
mensions L/T? As force is the product of a
mass and an acceleration (see NEWTON’S
LAWS OF MOTION), force has the dimen-
sions MLT 2. In electrical work in *SI
units, current, I, can be regarded as di-
mensionally independent and the dimen-
sions of other electrical units can be
found from standard relationships.
Charge, for example, is measured as the
product of current and time. It therefore
has the dimension IT. Potential difference
is given by the relationship P = VI, where
P is power. As power is force x distance +
time (MLT™2 x L x T~ = ML*T %), voltage V
is given by V = ML*T~*".

dimer An association of two identical
molecules linked together. The molecules
may react to form a larger molecule, as in
the formation of dinitrogen tetroxide
(N,0,) from nitrogen dioxide (NO,), or the
formation of an *aluminium chloride
dimer (Al,Clg) in the vapour. Alterna-
tively, they may be held by hydrogen
bonds. For example, carboxylic acids form
dimers in organic solvents, in which hy-
drogen bonds exist between the O of the
C=0 group and the H of the -O-H group.

dimethylbenzenes (xylenes) Three
compounds with the formula (CH;),CcH,,
each having two methyl groups substi-
tuted on the benzene ring. 1,2-dimethyl-
benzene is ortho-xylene, etc. A mixture of
the isomers (b.p. 135-145°C) is obtained
from petroleum and is used as a clearing
agent in preparing specimens for optical
microscopy.

dimethylformamide (DMF) A colour-
less liquid, HCON(CHy),; m.p. -61°C; b.p.
153°C. It is widely used as a solvent for or-
ganic compounds.

dimethylglyoxime (DMG) A colourless
solid, (CH;CNOH),, m.p. 234°C. It sublimes
at 215°C and slowly polymerizes if left to
stand. It is used in chemical tests for
nickel, with which it forms a dark-red
complex.
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dimethyl sulphoxide (DMSO) A
colourless solid, (CH;),SO; m.p. 18°C; b.p.
189°C. It is used as a solvent and as a
reagent in organic synthesis.

dimictic lake A lake that is stratified by
a *thermocline that is not permanent but
is turned over twice during one year. The
thermocline is disrupted due to seasonal
changes in the climate. A meromictic lake
is one in which there is a permanent
stratification.

dimorphism 1. (in biology) The exis-
tence of two distinctly different types of
individual within a species. An obvious ex-
ample is sexual dimorphism in certain ani-
mals, in which the two sexes differ in
colouring, size, etc. Dimorphism also oc-
curs in some lower plants, such as mosses
and ferns, that show an *alternation of
generations. 2. (in chemistry) See POLY-
MORPHISM.

dinitrogen oxide (nitrous oxide) A
colourless gas, N,0, d. 1.97 g dm™; m.p.
-90.8°C; b.p. -88.5°C. It is soluble in
water, ethanol, and sulphuric acid. It may
be prepared by the controlled heating of
ammonium nitrate (chloride free) to
250°C and passing the gas produced
through solutions of iron(Il) sulphate to
remove impurities of nitrogen monoxide.
It is relatively unreactive, being inert to
halogens, alkali metals, and ozone at nor-
mal temperatures. It is decomposed on
heating above 520°C to nitrogen and oxy-
gen and will support the combustion of
many compounds. Dinitrogen oxide is
used as an anaesthetic gas (‘laughing gas’)
and as an aerosol propellant.

dinitrogen tetroxide A colourless to
pale yellow liquid or a brown gas, N,O,;
r.d. 1.45 (liquid); m.p. -11.2°C; b.p. 21.2°C.
It dissolves in water with reaction to give
a mixture of nitric acid and nitrous acid. It
may be readily prepared in the laboratory
by the reaction of copper with concen-
trated nitric acid; mixed nitrogen oxides
containing dinitrogen oxide may also be
produced by heating metal nitrates. The
solid compound is wholly N,0, and the
liquid is about 99% N,0, at the boiling
point; N,0, is diamagnetic. In the gas
phase it dissociates to give nitrogen diox-
ide

N,0, == 2NO,

Because of the unpaired electron this is
paramagnetic and brown. Liquid N,0, has
been widely studied as a nonaqueous sol-
vent (self-ionizes to NO* and NOj;"). Di-
nitrogen tetroxide, along with other
nitrogen oxides, is a product of combus-
tion engines and is thought to be involved
in the depletion of stratospheric ozone.

Dinomastigota (Dinoflagellata) A phy-
lum of mostly single-celled organisms, the
dinomastigotes (or dinoflagellates), now
classified in the kingdom Protoctista. They
are abundant in the marine plankton;
many are *photoautotrophs, containing
brown xanthophyll pigments in addition
to chlorophyll. Dinoflagellates characteris-
tically have two undulipodia (flagella) for
locomotion and most have a rigid cell
wall of cellulose encrusted with silica.
Some species (e.g. Noctiluca miliaris) are bio-
luminescent.

dinosaur An extinct terrestrial reptile
belonging to a group that constituted the
dominant land animals of the Jurassic and
Cretaceous periods, 190-65 million years
ago. There were two orders. The Ornithis-
chia were typically quadrupedal herbi-
vores, many with heavily armoured
bodies, and included Stegosaurus, Tricera-
tops, and Iguanodon. They were all charac-
terized by birdlike pelvic girdles. The
Saurischia included many bipedal carnivo-
rous forms, such as Tyrannosaurus (the
largest known carnivore), and some
quadrupedal herbivorous forms, such as
Apatosaurus (Brontosaurus) and Diplodocus.
They all had lizard-like pelvic girdles.
Many of the herbivorous dinosaurs were
amphibious or semiaquatic.

dinucleotide A compound consisting of
two *nucleotides.

diode An electronic device with two
electrodes. In the obsolescent thermionic
diode a heated cathode emits electrons,
which flow across the intervening vacuum
to the anode when a positive potential is
applied to it. The device permits flow of
current in one direction only as a negative
potential applied to the anode repels the
electrons. This property of diodes was
made use of in the first thermionic radios,
in which the diode was used to demodu-
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late the transmitted signal (see MODULA-
TION). In the semiconductor diode, a p-n
junction performs a similar function. The
forward current increases with increasing
potential difference whereas the reverse
current is very small indeed. See SEMICON-
DUCTOR; TRANSISTOR.

dioecious Describing plant species that
have male and female flowers on separate
plants. Examples of dioecious plants are
willows. Compare MONOECIOUS.

diol (dihydric alcohol) An *alcohol con-
taining two hydroxyl groups per mol-
ecule.

dioptre A unit for expressing the power
of a lens or mirror equal to the reciprocal
of its focal length in metres. Thus a lens
with a focal length of 0.5 metre has a
power of 1/0.5 = 2 dioptres. The power of
a converging lens is usually taken to be
positive and that of a diverging lens nega-
tive. Because the power of a lens is a
measure of its ability to cause a beam to
converge, the dioptre is now sometimes
called the radian per metre.

dioxan A colourless toxic liquid, C,HgO,;
r.d. 1.03; m.p. 11°C; b.p. 101.5°C. The mol-
ecule has a six-membered ring containing
four CH, groups and two oxygen atoms at
opposite corners. It can be made from
ethane-1,2-diol and is used as a solvent.

dioxin (2,4,7,8-tetrachlorodibenzo-p-
dioxin) A toxic solid, formed in the manu-
facture of the herbicide *2,4,5-T; it was
present as an impurity in Agent Orange,
used as a defoliant during the Vietnam
War. It is the most toxic member of a
group of compounds (called dioxins) that
occur widely as environmental pollutants,
being produced during combustion pro-
cesses and as byproducts in various indus-
trial manufacturing processes. Dioxins
decompose very slowly and may be con-
centrated in the food chain; in animals
they are stored in fat. Exposure to high
levels of dioxins can cause skin disfigure-
ment (chloracne) and may result in fetal
defects. Because of their toxicity, many
countries have imposed strict controls to
reduce industrial emissions of dioxins.

dioxonitric(lll) acid See NITROUS ACID.

dioxygenyl compounds Compounds

containing the positive ion O,*, as in
dioxygenyl hexafluoroplatinate O,PtFy -
an orange solid that sublimes in vacuum
at 100°C. Other ionic compounds of the
type O,"[MF¢|™ can be prepared, where M
is P, As, or Sb.

dip Se¢e GEOMAGNETISM.

dipeptide A compound consisting of
two amino acid units joined at the amino
(-NH,) end of one and the carboxyl
(-COOH) end of the other. This peptide
bond (see PEPTIDE) is formed by a conden-
sation reaction that involves the removal
of one molecule of water.

diphenylmethanone (benzophenone)
A colourless solid, CcHsCOC¢Hs, m.p.
49°C. It has a characteristic smell and is
used in making perfumes. It is made from
benzene and benzoyl chloride using the
*Friedel-Crafts reaction with aluminium
chloride as catalyst.

diphosphane (diphosphine) A yellow
liquid, P,H,, which is spontaneously
flammable in air. It is obtained by hydrol-
ysis of calcium phosphide. Many of the
references to the spontaneous flammabil-
ity of phosphine (PH,) are in fact due to
traces of P,H, as impurities.

diphosphine See DIPHOSPHANE.

diphyodont Describing a type of denti-
tion that is characterized by two succes-
sive sets of teeth: the *deciduous (milk)
teeth, which are followed by the *perma-
nent (adult) teeth. Mammals have a diphy-
odont dentition. Compare MONOPHYODONT;
POLYPHYODONT.

diploblastic Describing an animal with
a body wall composed only of two layers,
*ectoderm and *endoderm, sometimes
with a noncellular *mesoglea between
them. Cnidarians are diploblastic. Compare
TRIPLOBLASTIC.

diploid Describing a nucleus, cell, or or-
ganism with twice the *haploid number
of chromosomes characteristic of the
species. The diploid number is designated
as 2n. Two sets of chromosomes are pres-
ent, one set being derived from the fe-
male parent and the other from the male.
In animals, all the cells except the repro-
ductive cells are diploid.
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Diplopoda A class (or order) of terres-
trial *arthropods comprising the milli-
pedes. Diplopods are characterized by 20
to over 60 body segments each bearing
two pairs of legs. They are slow moving
and feed on decaying leaves. See also MYRI-
APODA.

diplotene The period in the first
prophase of *meiosis when paired *ho-
mologous chromosomes begin to move
apart. They remain attached at a number
of points (see CHIASMA).

Dipnoi A subclass or order of bony fishes
that contains the lungfishes, which have
lungs and breathe air. They are found in
Africa, Australia, and South America,
where they live in freshwater lakes and
marshes that tend to become stagnant or
even dry up in summer. They survive in
these conditions by burrowing into the
mud, leaving a small hole for breathing
air, and entering a state of *aestivation, in
which they can remain for six months or
more. The Dipnoi date from the Devonian
era (408-360 million years ago) and share
many features with the modern *Am-
phibia.

dipole 1. A pair of separated opposite
electric charges. The dipole moment (sym-
bol p) is the product of the positive charge
and the distance between the charges.
Dipole moments are often stated in *de-
byes; the SI unit is the coulomb metre. In
a diatomic molecule, such as HCI, the
dipole moment is a measure of the polar
nature of the bond (see POLAR MOLECULE);
i.e. the extent to which the average elec-
tron charge is displaced towards one atom
(in the case of HCl, the electrons are at-
tracted towards the more electronegative
chlorine atom). In a polyatomic molecule,
the dipole moment is the vector sum of
the dipole moments of the individual
bonds. In a symmetrical molecule, such as
tetrachloromethane (CCly), there is no
overall dipole moment, although the indi-
vidual C-Cl bonds are polar. 2. An aerial
commonly used for frequencies below 30
megahertz, although some are in use
above this frequency. It consists of a rod,
fed or tapped at its centre. It may be half
a wavelength or a full wavelength long.

dipole radiation See FORBIDDEN TRAN-
SITIONS.

Diptera An order of insects comprising
the true, or two-winged, flies. Flies possess
only one pair of wings - the forewings;
the hindwings are modified to form small
clublike halteres that function as balanc-
ing organs. Typically fluid feeders, flies
have mouthparts adapted for piercing and
sucking or for lapping; the diet includes
nectar, sap, decaying organic matter, and
blood. Some species prey on insects;
others are parasitic. Dipteran larvae (mag-
gots) are typically wormlike with an
inconspicuous head. They undergo meta-
morphosis via a pupal stage to the adult
form. Many flies or their larvae are serious
pests, either by feeding on crops (e.g. fruit
flies) or as vectors of disease organisms
(e.g. the house fly (Musca domestica) and
certain mosquitoes).

Dirac, Paul Adrien Maurice (1902-84)
British physicist, who shared the 1933
Nobel Prize with Erwin *Schrédinger for
developing Schrédinger’s non-relativistic
wave equations to take account of relativ-
ity. This modified equation predicted the
existence and properties of the *positron.
Dirac also invented, independently of En-
rico Fermi, the form of *quantum statis-
tics known as Fermi-Dirac statistics.

Dirac constant See PLANCK CONSTANT.

Dirac equation A version of the non-
relativistic *Schrédinger equation taking
special relativity theory into account. The
Dirac equation is needed to discuss the
quantum mechanics of electrons in heavy
atoms and, more generally, to discuss fine-
structure features of atomic spectra. The
equation was put forward by Paul Dirac in
1928. It can be solved exactly in the case
of the hydrogen atom but can only be
solved using approximation techniques
for more complicated atoms.

direct current (d.c.) An electric current
in which the net flow of charge is in one
direction only. Compare ALTERNATING CUR-
RENT.

direct-current motor See ELECTRIC
MOTOR.

direct dye See DYES.

direct motion 1. The apparent motion
of a planet from west to east as seen from
the earth against the background of the
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stars. 2. The anticlockwise rotation of a
planet, as seen from its north pole. Com-
pare RETROGRADE MOTION.

directrix 1. A plane curve defining the
base of a *cone. 2. A straight line from
which the distance to any point on a
*conic is in a constant ratio to the dis-
tance from that point to the focus.

disaccharide A sugar consisting of two
linked *monosaccharide molecules. For
example, sucrose comprises one glucose
molecule and one fructose molecule
bonded together.

discharge 1. The conversion of the
chemical energy stored in a *secondary
cell into electrical energy. 2. The release
of electric charge from a capacitor in an
external circuit. 3. The passage of charge
carriers through a gas at low pressure in a
discharge tube. A potential difference ap-
plied between cathode and anode creates
an electric field that accelerates any free
electrons and ions to their appropriate
electrodes. Collisions between electrons
and gas molecules create more ions. Colli-
sions also produce excited ions and mol-
ecules (see EXCITATION), which decay with
emission of light in certain parts of the
tube.

discontinuous function See CONTINU-
OUS FUNCTION.

discontinuous variation (qualitative
variation) Clearly defined differences in a
characteristic that can be observed in a
population. Characteristics that are deter-
mined by different *alleles at a single
locus show discontinuous variation, e.g.
garden peas are either wrinkled or
smooth. Compare CONTINUOUS VARIATION.

disease A condition in which the nor-
mal function of some part of the body
(cells, tissues, or organs) is disturbed. A va-
riety of microorganisms and environmen-
tal agents are capable of causing disease.
The functional disturbances are often ac-
companied by structural changes in tis-
sue.

disilane See SILANE.

disinfectant Any substance that kills or
inhibits the growth of disease-producing
microorganisms and is in general toxic to
human tissues. Disinfectants include

cresol, bleaching powder, and phenol.
They are used to cleanse surgical appara-
tus, sick-rooms, and household drains and
if sufficiently diluted can be used as *anti-
septics.

disintegration Any process in which
an atomic nucleus breaks up sponta-
neously into two or more fragments in a
radioactive decay process or breaks up as
aresult of a collision with a high-energy
particle or nuclear fragment.

disintegration constant See DECAY.
dislocation See DEFECT.

disodium hydrogenphosphate(V)
(disodium orthophosphate) A colourless
crystalline solid, Na,HPO,, soluble in
water and insoluble in ethanol. It is
known as the dihydrate (r.d. 2.066), hep-
tahydrate (r.d. 1.68), and dodecahydrate
(r.d. 1.52). It may be prepared by titrating
phosphoric acid with sodium hydroxide to
an alkaline end point (phenolphthalein)
and is used in treating boiler feed water
and in the textile industry.

disodium orthophosphate See 1
SODIUM HYDROGENPHOSPHATE(V).

disodium tetraborate-10-water Sece
BORAX.

d-isomer See OPTICAL ACTIVITY.
D-isomer See ABSOLUTE CONFIGURATION.

disordered solid A material that nei-
ther has the structure of a perfect *crystal
lattice nor of a crystal lattice with isolated
*crystal defects. In a random alloy, one
type of disordered solid, the order of the
different types of atom occurs at random.
Another type of disordered solid is formed
by introducing a high concentration of de-
fects, with the defects distributed ran-
domly throughout the solid. In an
*amorphous solid, such as glass, there is a
random network of atoms with no lattice.
The theory of disordered solids is more
complicated than the theory of crystals,
requiring such concepts as *localization
and *spin glasses.

dispersal The dissemination of off-
spring of plants or sessile animals. Disper-
sal provides organisms that are not
mobile with a better chance of survival by
reducing *competition among offspring
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and parents. It also promotes the coloniza-
tion of new habitats. Flowering plants
produce fruits or seeds that are dispersed
by such agents as wind, water, or animals.
Specialized structures have evolved in
many species to aid dispersal (see FRUIT).

disperse dye See DYEs.
disperse phase Sec coLLOIDS.

dispersion The splitting up of a ray of
light of mixed wavelengths by refraction
into its components. Dispersion occurs be-
cause the *deviation for each wavelength
is different on account of the different
speeds at which waves of different wave-
lengths pass through the refracting
medium. If a ray of white light strikes one
face of a prism and passes out of another
face, the white light will be split into its
components and the full visible spectrum
will be formed. The dispersive power of a
prism (or other medium) for white light is
defined by

(nb - nr)/(”y - 1)’
where my, n,, and n are the *refractive in-
dexes for blue, red, and yellow light re-
spectively. The term is sometimes applied
to the separation of wavelengths pro-
duced by a *diffraction grating.

dispersion forces See VAN DER WAALS’
FORCE.

dispersive power See DISPERSION.

displacement 1. Symbol s. A specified
distance in a specified direction. It is the
vector equivalent of the scalar distance.
2. See ELECTRIC DISPLACEMENT.

displacement activity An activity
shown by an animal that appears to be ir-
relevant to its situation. Displacement ac-
tivities are frequently observed when
there is conflict between opposing tenden-
cies. For example, birds in aggressive situ-
ations, in which there are simultaneous
tendencies to attack and to flee, may
preen their feathers as a displacement ac-
tivity.

displacement current A term of the
form oD/dt, where D is the *electric dis-
placement, which is added to the electric
current density J to modify *Ampere’s law
in the fourth of *Maxwell’s equations.
The necessity for the displacement cur-

rent term was postulated by Maxwell
when he put forward his equations to in-
troduce a degree of symmetry between
electricity and magnetism.

displacement reaction See SUBSTITU-
TION REACTION.

display behaviour Stereotyped move-
ment or posture that serves to influence
the behaviour of another animal. Many
displays in *courtship and *aggression are
conspicuous and characteristic of the
species; special markings or parts of the
body may be prominently exhibited (for
example, the male peacock spreads its tail
in courtship). Other displays are cryptic
and make it harder for a predator to rec-
ognize the displaying animal as potential
prey. For example, geometer moth cater-
pillars, which look like twigs, hold them-
selves on plant stems with one end
sticking into the air.

disproportionation A type of chemical
reaction in which the same compound is
simultaneously reduced and oxidized. For
example, copper(I) chloride disproportion-
ates thus:

2CuCl — Cu + CuCl,

The reaction involves oxidation of one
molecule

Cu' > Cul+e
and reduction of the other
Cu'+e — Cu

The reaction of halogens with hydroxide
ions is another example of a dispropor-
tionation reaction, for example

Cly(g) + 20H (aq) == Cl'(aq) + ClO7(aq) +
H,0()

The reverse process is *comproportiona-
tion.

dissipative structure A state of matter
that occurs when a system is driven away
from thermal *equilibrium by external
constraints that have exceeded certain
critical values. A dissipative structure,
which is associated with *broken symme-
try, is an example of *complexity and
*self-organization. An example of dissipa-
tive structure is a *Bénard cell. The order
in a dissipative structure that is not in
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thermal equilibrium occurs as a response
to such parameters as heat.

dissipative system A system that in-
volves *irreversible processes. All real sys-
tems are dissipative (in contrast to such
idealized systems as the frictionless pen-
dulum, which is invariant under time re-
versal). In a dissipative system the system
is moving towards a state of equilibrium,
which can be regarded as moving toward
a point *attractor in *phase space; this is
equivalent to moving towards the mini-
mum of the *free energy, F.

dissociation The breakdown of a mol-
ecule, ion, etc., into smaller molecules,
ions, etc. An example of dissociation is
the reversible reaction of hydrogen iodide
at high temperatures

2HI(g) = Hy(g) + L,(g)

The *equilibrium constant of a reversible
dissociation is called the dissociation con-
stant. The term ‘dissociation’ is also ap-
plied to ionization reactions of *acids and
*bases in water; for example

HCN + H,0 == H;0" + CN~
which is often regarded as a straightfor-
ward dissociation into ions

HCN == H"+CN"-
The equilibrium constant of such a disso-

ciation is called the acid dissociation con-
stant or acidity constant, given by

K, = [H']|A")/[HA]

for an acid HA (the concentration of water
[H,0] can be taken as constant). K, is a
measure of the strength of the acid. Simi-
larly, for a nitrogenous base B, the equilib-
rium

B+ H,0 = BH"+ OH"
is also a dissociation; with the base disso-
ciation constant, or basicity constant,
given by

Ky, = [BH']|OH"]/[B]
For a hydroxide MOH,

Ky, = [M*][OH"}/[MOH]

dissociation pressure When a solid
compound dissociates to give one or more
gaseous products, the dissociation pres-
sure is the pressure of gas in equilibrium

with the solid at a given temperature. For
example, when calcium carbonate is
maintained at a constant high tempera-
ture in a closed container, the dissociation
pressure at that temperature is the pres-
sure of carbon dioxide from the equilib-
rium

CaCOs4(s) == CaO(s) + CO,(g)

distal Describing the part of an organ
that is farthest from the organ’s point of
attachment to the rest of the body. For ex-
ample, hands and feet are at the distal
ends of arms and legs, respectively. Com-
pare PROXIMAL.

distal convoluted tubule (second con-
voluted tubule) The part of a *nephron
that leads from the thick ascending limb
of the *loop of Henle and drains into a
*collecting duct. The main function of the
distal tubule is to absorb sodium chloride
and other inorganic salts while retaining
water.

distillation The process of boiling a lig-
uid and condensing and collecting the
vapour. The liquid collected is the distil-
late. It is used to purify liquids and to sep-
arate liquid mixtures (see FRACTIONAL
DISTILLATION; STEAM DISTILLATION). See also
DESTRUCTIVE DISTILLATION.

distilled water Water purified by distil-
lation so as to free it from dissolved salts
and other compounds. Distilled water in
equilibrium with the carbon dioxide in
the air has a conductivity of about 0.8 x
107° siemens cm™. Repeated distillation in
a vacuum can bring the conductivity
down to 0.043 x 107 siemens cm™ at 18°C
(sometimes called conductivity water).
The limiting conductivity is due to self-
ionization: H,0 == H*+ OH".

distortion The extent to which a sys-
tem fails to reproduce the characteristics
of its input in its output. It is most com-
monly applied to electronic amplifiers and
to optical systems. See ABERRATION.

distributive law The mathematical law
stating that one operation is independent
of being carried out before or after an-
other operation. For example, multipli-
cation is distributive with respect to
addition and subtraction, i.e. x(y + z) = xy +
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XZ. Compare ASSOCIATIVE LAW; COMMUTA-
TIVE LAW.

disulphide bridge (sulphur bridge) A
covalent bond (S-S) formed between the
thiol groups (-SH) of two cysteine
residues, usually in the polypeptide
chains of proteins. Easily hydrolysed and
prone to rearrangement, these bonds con-
tribute to the tertiary structure of *pro-
teins.

disulphur dichloride (sulphur
monochloride) An orange-red liquid,
S,Cl,, which is readily hydrolysed by
water and is soluble in benzene and ether;
r.d. 1.678; m.p. -80°C; b.p. 136°C. It may
be prepared by passing chlorine over
molten sulphur; in the presence of iodine
or metal chlorides sulphur dichloride,
SCl,, is also formed. In the vapour phase
S,Cl, molecules have Cl-S-S-Cl chains.
The compound is used as a solvent for sul-
phur and can form higher chlorosul-
phanes of the type Cl~(S),-Cl (n < 100),
which are of great value in *vulcanization
processes.

disulphuric(VI) acid (pyrosulphuric
acid) A colourless hygroscopic crystalline
solid, H,S,0; r.d. 1.9; m.p. 35°C. It is com-
monly encountered mixed with sulphuric
acid as it is formed by dissolving sulphur
trioxide in concentrated sulphuric acid.
The resulting fuming liquid, called oleum
or Nordhausen sulphuric acid, is produced
during the *contact process and is also
widely used in the *sulphonation of or-
ganic compounds. See also SULPHURIC ACID.

dithionate A salt of dithionic acid, con-
taining the ion S,0¢%, usually formed by
the oxidation of a sulphite using man-
ganese(IV) oxide. The ion has neither pro-
nounced oxidizing nor reducing
properties.

dithionic acid An acid, H,S,04, known
in the form of its salts (dithionates).

dithionite See SULPHINATE.
dithionous acid See SULPHINIC ACID.

diuretic A drug or other agent that in-
creases the rate of urine formation and
hence the rate at which water and certain
salts are lost from the body. Many diuretic
drugs work by decreasing the reabsorp-
tion of sodium and chloride ions from the

filtrate in the kidney tubules, so that less
water is reabsorbed. They are used to treat
fluid retention (oedema) arising from dis-
orders of the heart, kidneys, or other or-
gans, and are used in helping to reduce
high blood pressure (hypertension). There
are several groups of diuretic drugs, with
different modes of action. The most pow-
erful are loop diuretics, such as frusemide,
which act primarily by blocking Na*/K*/Cl~
carriers in cells of the *loop of Henle. An-
other group consists of the thiazides, such
as metolazone, which inhibit Na*/Cl”
transport in the *distal convoluted tubule.
Spironolactone exerts its diuretic effect by
blocking the binding of the hormone *al-
dosterone to its receptors. The osmotic
diuretics, such as mannitol, act by increas-
ing the osmolarity of the filtrate, and
hence increasing urine volume.

diurnal Daily; denoting an event that
happens once every 24 hours.

diurnal rhythm See CIRCADIAN RHYTHM.

divalent (bivalent) Having a valency of
two.

divergence (div) The *scalar product of
the *gradient operator V with a vector.
For a vector u that has components uy, u,,
and u; in the x, y, and z directions, and is a
function of x, y, and z, the divergence is
given by:

divu = V.u = du,[ox + du,[dy
+ du[oz.

The divergence of a vector at a given
point represents the flux of the vector per
unit volume in the neighbourhood of that
point. See also CURL; LAPLACE EQUATION.

divergence theorem A theorem that
gives the relation between the total flux
of a vector F out of a surface S, which sur-
rounds the volume V, to the vector inside
the volume. The divergence theorem
states that

|, divFav =] s

The divergence theorem is also known as
Gauss' theorem and Ostrogradsky’s theo-
rem (named after the Russian mathemati-
cian Michel Ostrogradsky (1801-61), who
stated it in 1831). *Gauss’ law for electric
fields is a particular case of the divergence
theorem.
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divergent evolution See ADAPTIVE RA-
DIATION.

divergent series See CONVERGENT SE-
RIES.

diverging lens or mirror A lens or
mirror that can refract or reflect a parallel
beam of light into a diverging beam. A di-
verging lens is predominantly concave; a
diverging mirror is convex. Compare CON-
VERGING LENS OR MIRROR.

diverticulum A saclike or tubular out-
growth from a tubular or hollow internal
organ. Diverticula may occur as normal
structures (e.g. the *caecum and *ap-
pendix in the alimentary canal) or abnor-
mally, from a weakened area of the organ.

division A category used traditionally in
the *classification of plants that consists
of one or several similar classes. Division
names end in -phyta; an example is the
Spermatophyta (seed-bearing plants). In
modern classification systems, the term
*phylum has replaced the division.

dizygotic twins See FRATERNAL TWINS.

D-lines Two close lines in the yellow re-
gion of the visible spectrum of sodium,
having wavelengths 589.0 and 589.6 nm.
As they are prominent and easily recog-
nized they are used as a standard in spec-
troscopy.

dl-isomer See OPTICAL ACTIVITY; RACEMIC
MIXTURE.

DMF See DIMETHYLFORMAMIDE.
DMG See DIMETHYLGLYOXIME.
DMSO See DIMETHYL SULPHOXIDE.

DNA (deoxyribonucleic acid) The genetic
material of most living organisms, which
is a major constituent of the *chromo-
somes within the cell nucleus and plays a
central role in the determination of
hereditary characteristics by controlling
*protein synthesis in cells (see also GENETIC
CODE). It is also found in chloroplasts and
mitochondria (see CYTOPLASMIC INHERI-
TANCE; MITOCHONDRIAL DNA). DNA is a nu-
cleic acid composed of two chains of
*nucleotides in which the sugar is deoxy-
ribose and the bases are *adenine, *cyto-
sine, *guanine, and *thymine (compare
RNA). The two chains are wound round

each other and linked together by hydro-
gen bonds between specific complemen-
tary bases (see BASE PAIRING) to form a
spiral ladder-shaped molecule (double
helix). See illustration.

When the cell divides, its DNA also
replicates in such a way that each of the
two daughter molecules is identical to the
parent molecule (see DNA REPLICATION). See
also COMPLEMENTARY DNA.

DNAase Sce DNASE.

DNA blotting See SOUTHERN BLOTTING.
DNA chip See DNA MICROARRAY.

DNA cloning Se¢ GENE CLONING.

DNA-dependent RNA polymerase
See POLYMERASE.

DNA fingerprinting (DNA profiling; ge-
netic fingerprinting) A technique in which
an individual’s DNA is analysed to reveal
the pattern of repetition of particular
short nucleotide sequences (called vari-
able number tandem repeats: see REPETI-
TIVE DNA) throughout the genome. This
pattern is claimed to be unique to the
individual concerned, and the technique
is therefore used for identification pur-
poses in forensic science and paternity
disputes, and in veterinary science. Suffi-
cient DNA can be obtained from very
small samples of body tissue, such as
blood, semen, or hair, if necessary by
using the *polymerase chain reaction to
amplify minute quantities of DNA. *Re-
striction enzymes are used to cleave the
DNA and the marker sequences are re-
vealed by specific *gene probes and
*Southern blotting.

DNA hybridization A method of deter-
mining the similarity of DNA from differ-
ent sources. Single strands of DNA from
two sources, e.g. different bacterial
species, are put together and the extent to
which double hybrid strands are formed
is estimated. The greater the tendency to
form these hybrid molecules, the greater
the extent of complementary base se-
quences, i.e. gene similarity. The method
is one way of determining the genetic re-
lationships of species.

DNA library (gene library; gene bank) A
collection of cloned DNA fragments repre-
senting the entire genetic material of an
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nucleotide

Detail of molecular structure of sugar-phosphate
backbone. Each deoxyribose unit is attached to a
phosphate group and a base, forming a nucleotide

phosphate
backbone

Double helical structure of DNA

Molecular structure of DNA

organism. This facilitates screening and
isolation of any particular gene. DNA li-
braries are created by fractionating the ge-
nomic DNA into fragments using
*restriction enzymes and/or physical
methods. These fragments are cloned (see
GENE CLONING) and the host cells contain-
ing the recombinant fragments are cen-
trifuged and frozen; alternatively, the
phage *vectors are maintained in culture.
Individual genes in the library are
identified using specific *gene probes
with the *Southern blotting technique
or, via their protein products, using
*Western blotting. DNA libraries are thus
repositories of raw material for use in ge-
netic engineering. A large genome, such
as that of humans, is most conveniently
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The four bases of DNA, showing the
hydrogen bonding between base pairs

cloned using vectors that can accommo-
date large fragments of DNA, such as
yeast *artificial chromosomes, maintained
in cell culture.

DNA ligase An enzyme that is able to
join together two portions of DNA and
therefore plays an important role in
*DNA repair. DNA ligase is also used in re-
combinant DNA technology (see GENETIC
ENGINEERING) as it ensures that the for-
eign DNA (e.g. the complementary DNA
used in *gene cloning) is bound to the
plasmid into which it is incorporated.

DNA methylation The addition of
methyl groups to constituent bases of
DNA. In both prokaryotes and eukaryotes
certain bases of the DNA generally occur
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in a methylated form. In bacteria this
methylation protects the cell’s DNA from
attack by its own restriction enzymes,
which cleave foreign unmethylated DNA
and thereby help to eliminate viral DNA
from the bacterial chromosome. Methyla-
tion is also important in helping *DNA re-
pair enzymes to distinguish the parent
strand from the progeny strand when re-
pairing mismatched bases in newly repli-
cated DNA, and it may also play some role
in controlling the transcription of DNA.

DNA microarray (DNA chip) A *micro-
array containing numerous small DNA
molecules. DNA microarrays consist of
thousands of short synthetic single-
stranded DNA molecules, each comprising
25-30 nucleotides and all with unique se-
quences designed to complement and
bind to specific target nucleotide se-
quences. They can be used to quantify
gene expression by determining the total
output of messenger RNAs (mRNAs) (i.e.
the *transcriptome) of a cell or tissue.
This involves measuring the amount of
*complementary DNA (cDNA), synthe-
sized from the mRNAs, that binds to
complementary nucleotides on the
microarray. DNA microarrays can also de-
tect mutations in particular genes, for ex-
ample the BRCA genes involved in
hereditary forms of breast cancer. An indi-
vidual’s DNA is denatured, and its binding
to a microarray is compared with that of
normal (control) DNA on the same micro-
array. Any disparities between the two
binding patterns will pinpoint sequences
from the individual with possible abnor-
malities, enabling closer examination.

DNA polymerase See POLYMERASE.
DNA probe Sec GENE PROBE.
DNA profiling Seec DNA FINGERPRINTING.

DNA repair A variety of mechanisms
that help to ensure that the genetic se-
quence, as expressed in the DNA, is main-
tained and that errors that occur during
*DNA replication, by mutation, are not al-
lowed to accumulate. An error in the ge-
netic sequence could cause cell death by
interfering with the replication process.
The mechanisms work because DNA is
made up of two strands, each of which
contains a copy of the genetic sequence. A

damaged section of a strand, or a mis-
matched base, can be recognized and re-
moved by enzymes and replaced by the
correct form by DNA *polymerases. The
phosphodiester backbone is then sealed
by *DNA ligase.

DNA replication The process whereby
DNA makes exact copies of itself, which is
controlled by the enzyme DNA *poly-
merase. Replication occurs at rates of be-
tween 50 nucleotides per second (in
mammals) and 500 nucleotides per sec-
ond (in bacteria). The hydrogen bonds be-
tween the complementary bases on the
two strands of the parent DNA molecule
break and the strands unwind, each
strand acting as a template for the synthe-
sis of a new one complementary to itself.
DNA polymerases move down the two sin-
gle strands linking free nucleotides to
their complementary bases (see BASE PAIR-
ING) on the templates. The process contin-
ues until all the nucleotides on the
templates have joined with appropriate
free nucleotides and two identical mol-
ecules of DNA have been formed. This
process is known as semiconservative
replication as each new molecule contains
half of the original parent DNA molecule.
Sometimes mutations occur that may
cause the exact sequence of the parent
DNA not to be replicated. However, *DNA
repair mechanisms reduce this possibility.

DNase (DNAase; deoxyribonuclease) An
enzyme that catalyses the cleavage of
DNA. DNase I is a digestive enzyme, se-
creted by the pancreas, that degrades
DNA into shorter nucleotide fragments.
Many other *endonucleases and *exonu-
cleases cleave DNA, including the *restric-
tion enzymes and enzymes involved in
DNA repair and replication.

DNA sequencing (gene sequencing)
The process of elucidating the nucleotide
sequence of a DNA fragment. Two tech-
niques are used. The Maxam-Gilbert
method (named after Allan Maxam and
Walter Gilbert) involves cleaving the DNA
with a *restriction enzyme and labelling
each of the resulting smaller fragments
with 32P-phosphate at one end. The frag-
ments are subjected to four different sets
of reactions, each set specifically cleaving
DNA at a particular base or bases. The
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cleaved fragments are separated by elec-
trophoresis according to their chain
length and identified by autoradiography.
The base (nucleotide) sequence is deduced
from the position of bands in each of the
four lanes in the gel. The Sanger method
(named after Frederick *Sanger), also
called the dideoxy method, involves syn-
thesizing a new DNA strand using as tem-
plate single-stranded DNA from the gene
being sequenced. Synthesis of the new
strand can be stopped at any of the four
bases by adding the corresponding
dideoxy (dd) derivative of the deoxyribo-
nucleoside phosphates; for example, by
adding ddATP the synthesis terminates at
an adenosine; by adding ddGTP it termi-
nates at a guanosine, etc. As in the first
method, the fragments, which comprise
radiolabelled nucleotides, are finally sub-
jected to electrophoresis and autoradiog-
raphy. A big advantage of the Sanger
method is that it can easily be adapted to
sequencing RNA, by making single-
stranded DNA from the RNA template
using the enzyme *reverse transcriptase.
This enables, for example, sequencing of
ribosomal RNA for use in *molecular
systematics. Furthermore, by using
fluorescent dyes as labels instead of radio-
isotopes, the Sanger method has been
fully automated. After separation of the
fragments, the products of all four reac-
tions are detected by fluorescence spec-
troscopy and analysed by computer,
which gives a printout of the base se-
quence. DNA sequencing is now em-
ployed on a major scale, for example in
determining the nucleotide sequence of
entire genomes (see HUMAN GENOME PRO-
JECT).

Dobereiner’s triads A set of triads of
chemically similar elements noted by
Johann Débereiner (1780-1849) in 1817.
Even with the inaccurate atomic mass
data of the day it was observed that when
each triad was arranged in order of in-
creasing atomic mass, then the mass of
the central member was approximately
the average of the values for the other
two. The chemical and physical properties
were similarly related. The triads are now
recognized as consecutive members of the
groups of the periodic table. Examples
are: lithium, sodium, and potassium; cal-

cium, strontium, and barium; and chlo-
rine, bromine, and iodine.

dodecanoic acid (lauric acid) A white
crystalline *fatty acid, CH,(CH,),,COOH;
r.d. 0.868; m.p. 44°C; b.p. 131°C. Glyc-
erides of the acid are present in natural
fats and oils (e.g. coconut and palm-kernel
oil).

dodecene A straight-chain alkene,
CH;(CH,)o,CH:CH,, obtained from
petroleum and used in making *dodecyl-
benzene.

dodecylbenzene A hydrocarbon,
CH;3(CH,),,C6Hs, manufactured by a
Friedel-Crafts reaction between dodecene
(CH;5(CH,)oCH:CH,) and benzene. It can be
sulphonated, and the sodium salt of the
sulphonic acid is the basis of common
*detergents.

dolomite A carbonate mineral consist-
ing of a mixed calcium-magnesium car-
bonate, CaCO;.MgCOs, crystallizing in the
rhombohedral system. It is usually white
or colourless. The term is also used to de-
note a rock with a high ratio of magne-
sium to calcium carbonate. See LIMESTONE.

Domagk, Gerhard (1895-1964) Ger-
man biochemist who went to work for IG
Farbenindustrie to investigate new drugs.
In 1935 he discovered the antibacterial
properties of a dye, Prontosil, which be-
came the first sulpha drug (see SULPHONA-
MIDES). He was offered the 1939 Nobel
Prize for physiology or medicine but was
forced by Hitler to refuse; he finally re-
ceived the award in 1947.

domain 1. (in taxonomy) In some
classification systems, the highest taxo-
nomic category, consisting of one or more
*kingdoms. Some authors divide living or-
ganisms into three domains: Archaea (ar-
chaebacteria), Bacteria (eubacteria), and
Eukarya (eukaryotic organisms). 2. (in
physics) See MAGNETISM.

dominance hierarchy Sec DOMINANT.

dominant 1. (in genetics) Describing the
*allele that is expressed in the *pheno-
type when two different alleles of a gene
are present in the cells of an organism.
For example, the height of garden peas is
controlled by two alleles, ‘tall’ (T) and
‘dwarf’ (t). When both are present (Tt), i.e.
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when the cells are *heterozygous, the
plant is tall since T is dominant and t is
*recessive. See also CODOMINANCE; INCOM-
PLETE DOMINANCE. 2. (in ecology) Describ-
ing the most conspicuously abundant and
characteristic species in a *community.
The term is usually used of a plant species
in plant ecology; for example, pine trees
in a pine forest. 3. (in animal behaviour)
Describing an animal that is allowed pri-
ority in access to food, mates, etc., by oth-
ers of its species because of its success in
previous aggressive encounters. Less
dominant animals frequently show *ap-
peasement behaviour towards a more
dominant individual, so overt *aggression
is minimized. In a stable group there may
be a linear dominance hierarchy or peck
order (so called because it was first ob-
served in domestic fowl), with each ani-
mal being subservient to those above it in
the hierarchy and taking precedence over
those below it.

donor 1. (in chemistry) An atom, ion, or
molecule that provides a pair of electrons
in forming a coordinate bond. 2. (in elec-
tronics) A substance added as an impurity
to a *semiconductor because it can donate
electrons to the conduction bands, caus-
ing n-type conduction by electrons. Com-
pare ACCEPTOR. 3. (in medicine) An
individual whose tissues or organs are
transferred to another (the recipient).
Donors may provide blood for transfusion
or a kidney or heart for transplantation.
4. (in genetics) A cell that contributes ge-
netic material for insertion into another
cell, for example to produce a transgenic
cell by genetic engineering.

donor levels Energy levels of a donor
atom in a *semiconductor, such as arsenic
in silicon. These energy levels are very
near the bottom of the conduction band,
thus causing n-type conduction. See also
ENERGY BAND.

dopa (dihydroxyphenylalanine) A deriva-
tive of the amino acid tyrosine. It is found
in particularly high levels in the adrenal
glands and is a precursor in the synthesis
of *dopamine, *noradrenaline, and
*adrenaline. The laevorotatory form, L-
dopa, is administered in the treatment of
Parkinson’s disease, in which brain levels
of dopamine are reduced.

dopamine A *catecholamine that is

a precursor in the synthesis of *nor-
adrenaline and *adrenaline. It also func-
tions as a neurotransmitter, especially in
the brain.

doping See SEMICONDUCTOR.
Doppler cooling See LASER COOLING.

Doppler effect The apparent change in
the observed frequency of a wave as a re-
sult of relative motion between the source
and the observer. For example, the sound
made by a low-flying aircraft as it ap-
proaches appears to fall in pitch as it
passes and flies away. In fact, the fre-
quency of the aircraft engine remains con-
stant but as it is approaching more sound
waves per second impinge on the ear and
as it recedes fewer sound waves per sec-
ond impinge on the ear. The apparent fre-
quency, F, is given by

F=fle- uo)l(c - uy),

where f1is the true frequency, c is the
speed of sound, and u, and ug are the
speeds of the observer and the source, re-
spectively.

Although the example of sound is most
commonly experienced, the effect was
suggested by Christian Johann Doppler
(1803-53), an Austrian physicist, as an at-
tempt to explain the coloration of stars. In
fact the Doppler effect cannot be observed
visually in relation to the stars, although
the effect does occur with electromag-
netic radiation and the *redshift of light
from receding stars can be observed spec-
troscopically. The Doppler effect is also
used in radar to distinguish between sta-
tionary and moving targets and to provide
information regarding the speed of mov-
ing targets by measuring the frequency
shift between the emitted and reflected
radiation.

For electromagnetic radiation, the
speed of light, c, features in the calcula-
tion and as there is no fixed medium to
provide a frame of reference, relativity
has to be taken into account, so that

F=f[(1 = v[of(1 +vjo)l,
where v is the speed at which source and

observer are moving apart. If v?/c? is small
compared to 1, i.e. if the speed of separa-
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tion is small compared to the speed of
light, this equation simplifies to

F=f(1-v/c).
d-orbital See ORBITAL.

dormancy An inactive period in the

life of an animal or plant during which
growth slows or completely ceases.
Physiological changes associated with dor-
mancy help the organism survive adverse
environmental conditions. Annual plants
survive the winter as dormant seeds while
many perennial plants survive as dormant
tubers, rhizomes, or bulbs. *Hibernation
and *aestivation in animals help them
survive extremes of cold and heat, respec-
tively.

dorsal Describing the surface of a plant
or animal that is farthest from the ground
or other support, i.e. the upper surface. In
vertebrates, the dorsal surface is that
down which the backbone runs. Thus in
upright (bipedal) mammals, such as man
and kangaroos, it is the backward-directed
(*posterior) surface. Compare VENTRAL.

dorsal root The part of a spinal nerve
that enters the *spinal cord on the dorsal
side and contains only sensory fibres. The
cell bodies of these fibres form the dorsal
root ganglion (see GANGLION), a swelling in
the root that lies just outside the cord.
Compare VENTRAL ROOT.

dose A measure of the extent to which
matter has been exposed to *ionizing ra-
diation. The absorbed dose is the energy
per unit mass absorbed by matter as a re-
sult of such exposure. The SI unit is the
gray, although it is often measured in rads
(1 rad = 0.01 gray; see RADIATION UNITS).
The maximum permissible dose is the rec-
ommended upper limit of absorbed dose
that a person or organ should receive in a
specified period according to the Interna-
tional Commission on Radiological Protec-
tion. See also LINEAR ENERGY TRANSFER.

dosimeter Any device used to measure
absorbed *dose of ionizing radiation.
Methods used include the *ionization
chamber, photographic film, or the rate at
which certain chemical reactions occur in
the presence of ionizing radiation.

dot product See SCALAR PRODUCT.

double bond See CHEMICAL BOND.

double circulation The type of circula-
tory system that occurs in mammals, in
which the blood passes through the heart
twice before completing a full circuit of
the body (see illustration). Blood is
pumped from the heart to the lungs and
returns to the heart before being dis-
tributed to the other organs and tissues of
the body. The heart is divided into two
separate compartments to prevent oxy-
genated blood returning from the lungs
from mixing with deoxygenated blood
from the other parts of the body. See also
PULMONARY CIRCULATION; SYSTEMIC CIRCU-
LATION. Compare SINGLE CIRCULATION.

double decomposition (metathesis) A
chemical reaction involving exchange of
radicals, e.g.

AgNOs;(aq) + KCl(aq) — KNOs(aq) +
AgCl(s)

double fertilization A process, unique
to flowering plants, in which two male
nuclei, which have travelled down the
pollen tube, separately fuse with different
female nuclei in the *embryo sac. The
first male nucleus fuses with the egg cell
to form the zygote; the second male nu-
cleus fuses with the two *polar nuclei to
form a triploid nucleus that develops into
the endosperm.

double helix Seec DNA.

double recessive An organism with
two *recessive alleles for a particular
characteristic.

double refraction The property, pos-
sessed by certain crystals (notably calcite),
of forming two refracted rays from a sin-
gle incident ray. The ordinary ray obeys
the normal laws of refraction. The other
refracted ray, called the extraordinary ray,
follows different laws. The light in the or-
dinary ray is polarized at right angles to
the light in the extraordinary ray. Along
an *optic axis the ordinary and extraordi-
nary rays travel with the same speed.
Some crystals, such as calcite, quartz, and
tourmaline, have only one optic axis; they
are uniaxial crystals. Others, such as mica
and selenite, have two optic axes; they are
biaxial crystals. The phenomenon is also
known as birefringence and the double-
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refracting crystal as a birefringent crystal.
See also POLARIZATION.

double salt A crystalline salt in which
there are two different anions and/or
cations. An example is the mineral
dolomite, CaCO5.MgCOs;, which contains a
regular arrangement of Ca** and Mg**
ions in its crystal lattice. *Alums are dou-
ble sulphates. Double salts only exist in
the solid; when dissolved they act as a
mixture of the two separate salts. Double
oxides are similar.

doublet 1. A pair of optical lenses of dif-
ferent shapes and made of different ma-
terials used together so that the
chromatic aberration produced by one is
largely cancelled by the reverse aberra-
tion of the other. 2. A pair of associated

lines in certain spectra, e.g. the two lines
that make up the sodium D-lines.

down feathers (plumules) Small soft
feathers that cover and insulate the whole
body of a bird. In nestlings they are the
only feathers; in adults they lie between
and beneath the *contour feathers. Down
feathers have a fluffy appearance as their
*barbs are not joined together to form a
smooth vane.

Downs process A process for extract-
ing sodium by the electrolysis of molten
sodium chloride. The Downs cell has a
central graphite anode surrounded by a
cylindrical steel cathode. Chlorine re-
leased is led away through a hood over
the anode. Molten sodium is formed at
the cathode and collected through an-
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other hood around the top of the cathode
cylinder (it is less dense than the sodium
chloride). The two hoods and electrodes
are separated by a coaxial cylindrical steel
gauze. A small amount of calcium chlo-
ride is added to the sodium chloride to
lower its melting point. The sodium chlo-
ride is melted electrically and kept molten
by the current through the cell. More
sodium chloride is added as the electroly-
sis proceeds.

Down'’s syndrome A congenital form
of mental retardation due to a chromo-
some defect in which there are three
copies of chromosome no. 21 instead of
the usual two (see TRIsoMY). The affected
individual has a short broad face and
slanted eyes (as in the Mongolian races),
short fingers, and weak muscles. Down’s
syndrome can be detected before birth by
*amniocentesis. It is named after the
British physician John Down (1828-96),
who first studied the incidence of the dis-
order.

dragonflies See ODONATA.
drain See TRANSISTOR.

dreikanter (German: three edges) A
faceted stone or pebble formed in desert
regions by erosion by wind-blown sand.
The stones are too heavy to be blown
along the desert floor and are merely bat-
tered back and forth. Most have three
curved facets.

drift-tube accelerator Sce LINEAR AC-
CELERATOR.

drone A fertile male in a colony of social
bees, especially the honeybee (Apis mellif-
era). The drones die after mating with the
queen bee as the male reproductive or-
gans explode within the female.

Drosophila A genus of fruit flies often
used in genetic research because the lar-
vae possess giant chromosomes in their
salivary glands. These chromosomes have
resulted from repeated duplication with-
out separation of the chromatids; they
have conspicuous transverse bands, which
can be studied microscopically to reveal
gene activity. Fruit flies have a short life
cycle and produce a large number of off-
spring, which also makes them a good
model animal for genetic research.

drug Any chemical substance that alters
the physiological state of a living organ-
ism. Drugs are widely used in medicine
for the prevention, diagnosis, and treat-
ment of diseases; they include *anal-
gesics, *antibiotics, anaesthetics,
*antihistamines, and *anticoagulants.
Some drugs are taken solely for the plea-
surable effects they induce; these include
*narcotics; stimulants, such as cocaine
and *amphetamine; *hallucinogens, such
as *LSD; and some tranquillizers. Many of
these drugs are habit-forming and their
use is illegal.

drupe (pyrenocarp) A fleshy fruit that
develops from either one or several fused
carpels and contains one or many seeds.
The seeds are enclosed by the hard protec-
tive endocarp (see PERICARP) of the fruit.
Thus the stone of a peach is the endocarp
containing the seed. Plums, cherries, co-
conuts, and almonds are other examples
of one-seeded drupes; holly and elder
fruits are examples of many-seeded
drupes. See also ETAERIO.

dry cell A primary or secondary cell in
which the electrolytes are restrained from
flowing in some way. Many torch, radio,
and calculator batteries are *Leclanché
cells in which the electrolyte is an ammo-
nium chloride paste and the container is
the negative zinc electrode (with an outer
plastic wrapping). Various modifications
of the Leclanché cell are used in dry cells.
In the zinc chloride cell, the electrolyte is a
paste of zinc chloride rather than ammo-
nium chloride. The electrical characteris-
tics are similar to those of the Leclanché
cell but the cell works better at low tem-
peratures and has more efficient depolar-
ization characteristics. A number of
alkaline secondary cells can be designed
for use as dry cells. In these, the elec-
trolyte is a liquid (sodium or potassium
hydroxide) held in a porous material or
in a gel. Alkaline dry cells typically have
zinc-manganese dioxide, silver oxide-
zinc, nickel-cadmium, or nickel-iron
electrode systems (see NICKEL-IRON ACCU-
MULATOR). For specialized purposes, dry
cells and batteries have been produced
with solid electrolytes. These may con-
tain a solid crystalline salt, such as silver
iodide, an ion-exchange membrane, or

an organic wax with a small amount of
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dissolved ionic material. Such cells deliver
low currents. They are used in miniature
cells for use in electronic equipment.

dry ice Solid carbon dioxide used as a re-
frigerant. It is convenient because it sub-
limes at -78°C (195 K) at standard
pressure rather than melting.

drying oil A natural oil, such as linseed
oil, that hardens on exposure to the air.
Drying oils contain unsaturated fatty
acids, such as linoleic and linolenic acids,
which polymerize on oxidation. They are
used in paints, varnishes, etc.

dry mass The mass of a biological sam-
ple after the water content has been re-
moved, usually by placing the sample in
an oven. The dry mass is used as a meas-
ure of the *biomass of a sample.

Dryopithecus A genus of extinct apes,
fossils of which have been found in
Europe and Asia and dated to the mid-
Miocene (about 16-7 million years ago).
Fossils of Dryopithecus and of the similar
genus Proconsul are often referred to as
dryopithecines. Dryopithecines are be-
lieved to have split into several lines,
three of which survived to give rise to the
chimpanzees and gorillas, the early homi-
nids, and the orang-utans.

DSC Differential scanning calorimetry.
See THERMAL ANALYSIS.

D-series See¢ ABSOLUTE CONFIGURATION.

DTA Differential thermal analysis. See
THERMAL ANALYSIS.

dubnium Symbol Db. A radioactive
*transactinide element; a.n. 105. It was
first reported in 1967 by a group at Dubna
near Moscow and was confirmed in 1970
at Dubna and at Berkeley, California. It
can be made by bombarding californium-
249 nuclei with nitrogen-15 nuclei. Only
a few atoms have ever been made.

duct A tube or passage in an organism
that is involved in the secretion or excre-
tion of substances (see GLAND).

ductility The ability of certain metals,
such as copper, to retain their strength
when their shape is changed, especially
the ability of such metals to be drawn
into a thin wire without cracking or
breaking.

ductless gland See ENDOCRINE GLAND.

ductus arteriosus A channel that con-
nects the pulmonary artery with the aorta
in the mammalian fetus and therefore al-
lows blood to bypass the inactive lungs of
the fetus. It normally closes soon after
birth.

Dulong and Petit’s law For a solid el-
ement the product of the relative atomic
mass and the specific heat capacity is a
constant equal to about 25 ] mol™! K. For-
mulated in these terms in 1819 by the
French scientists Pierre Dulong (1785-
1838) and Alexis Petit (1791-1820), the
law in modern terms states: the molar
heat capacity of a solid element is approx-
imately equal to 3R, where R is the *gas
constant. The law is only approximate but
applies with fair accuracy at normal tem-
peratures to elements with a simple crys-
tal structure.

Dumas, Jean Baptiste André (1800-
84) French chemist, who became an
apothecary in Geneva, where in 1818 he
investigated the use of iodine to treat
goitre. He then took up chemistry and
moved to Paris. In 1826 he devised a
method of measuring *vapour density. He
went on to discover various organic com-
pounds, including anthracene (1832),
urethane (1833), and methanol (1834),
which led him in 1840 to propose the
theory of types (functional groups).

Dumas’ method 1. A method of find-
ing the amount of nitrogen in an organic
compound. The sample is weighed, mixed
with copper(ll) oxide, and heated in a
tube. Any nitrogen present in the com-
pound is converted into oxides of nitro-
gen, which are led over hot copper to
reduce them to nitrogen gas. This is col-
lected and the volume measured, from
which the mass of nitrogen in a known
mass of sample can be found. 2. A
method of finding the relative molecular
masses of volatile liquids by weighing. A
thin-glass bulb with a long narrow neck is
used. This is weighed full of air at known
temperature, then a small amount of sam-
ple is introduced and the bulb heated (in a
bath) so that the liquid is vaporized and
the air is driven out. The tip of the neck is
sealed and the bulb cooled and weighed at
known (room) temperature. The volume
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of the bulb is found by filling it with
water and weighing again. If the density
of air is known, the mass of vapour in a
known volume can be calculated.

The techniques are named after J. B. A.
Dumas.

dune A mound or ridge of unconsoli-
dated sand formed by the action of wind.
Dunes are characteristic of desert regions
and some coastlines. Coastal dunes are
usually anchored by vegetation, whereas
desert dunes generally move gradually in
the direction of the prevailing wind.
There are various types, often named
after their shapes. Crescent-shaped dunes
are called barchans, and longitudinal
dunes are seif dunes; others include sinu-
ous anklé dunes, star dunes, whaleback
dunes and tail dunes, which form in the
lee of an obstacle. A large seif dune may
be up to 100 m high and 10 km long. Sim-
ilar structures to dunes may also form
underwater by the action of currents.

duodenum The first section of the
*small intestine of vertebrates. It is the
site where food from the stomach is sub-
jected to the action of bile (from the bile
duct) and pancreatic enzymes (from the
pancreatic duct) as well as the enzymes
secreted by digestive glands in the duo-
denum itself, which are required in the
breakdown of proteins, carbohydrates,
and fats. By neutralizing the acidic secre-
tions of the stomach, the duodenum pro-
vides an alkaline environment necessary
for the action of the intestinal enzymes.
See also INTESTINAL JUICE.

duplet A pair of electrons in a covalent
chemical bond.

duplex Describing a biological molecule
comprising two cross-linked polymeric
chains oriented lengthways side by side.
The term is applied particularly to the
double-stranded structure of *DNA.

duplication (in genetics) The doubling
or repetition of part of a chromosome,
which generally originates during the
*crossing over phase of meiosis. Occasion-
ally this type of *chromosome mutation
may have beneficial effects on a popula-
tion. For example, a beneficial duplication
resulted in the evolution of four types of
haemoglobin in man and apes from a sin-

gle form. One of these types of haemo-
globin (gamma or fetal haemoglobin) has
a greater affinity for oxygen and maxi-
mizes fetal uptake of oxygen from the
mother’s blood.

Duralumin Trade name for a class of
strong lightweight aluminium alloys con-
taining copper, magnesium, manganese,
and sometimes silicon. Duralumin alloys
combine strength with lightness and are
extensively used in aircraft, racing cars,
etc.

dura mater The outermost and tough-
est of the three membranes (*meninges)
that surround the central nervous system
in vertebrates. It lies adjacent to the skull
and its purpose is to protect the delicate
inner meninges (the *arachnoid mem-
brane and the *pia mater).

duramen See HEARTWOOD.
dust core See CORE.

Dutch metal An alloy of copper and
zinc, which can be produced in very thin
sheets and used as imitation gold leaf. It
spontaneously inflames in chlorine.

DVD Digital versatile disk: a disk format
similar to a compact disk (see cb-rRoM) but
containing much more data. It was intro-
duced in 1996. DVD disks are the same
120 mm diameter as CDs with potential
capacities of up to 4.7 gigabytes for a sin-
gle-sided single-layer disk. The technology
involved in DVD storage is similar to that
in compact disks, but more precise. The
extra capacity is achieved in a number of
ways. The tracks on a DVD are closer and
the pits are smaller, allowing more pits
per unit area. The key to this was the use
of a shorter wavelength laser (typically
635 or 650 nm in the red region for DVDs
as opposed to 780 nm in the infrared for
CDs). Moreover, a DVD can have two lay-
ers on the same side of the disk. The top
layer is translucent and the bottom layer
opaque. Data can be read from either
layer by refocusing the laser. In addition
DVDs may be double-sided. DVD formats
also have a more efficient error-correction
system. The potential capacity of a double-
sided double-layer DVD is up to 17 giga-
bytes. DVDs have been increasingly used
in computing as a higher-capacity version
of compact disks. As with compact disks,
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there are various types. DVD-ROM (DVD
read-only memory) is similar to CD-ROM.
DVD-R (DVD-recordable) is similar to CD-R.
There are also different rewritable for-
mats: DVD-RAM, DVD+RW, and DVD-RW.

dwarf star A star, such as the sun, that
lies on the main sequence in a
*Hertzsprung-Russell diagram. See also
WHITE DWARF.

dye laser A type of laser in which the
active material is a dye dissolved in a suit-
able solvent (e.g. Rhodanine G in metha-
nol). The dye is excited by an external
source. The solvent broadens the states
into bands and consequently laser action
can be obtained over a range of wave-
lengths. This allows one to select a
specific wavelength (using a grating) and
to change the wavelength of the laser.
Such a device is called a tuneable laser.
Dye lasers are also used in producing very
short pulses of radiation. The technique is
to use a dye that stops absorbing radiation
when a high proportion of its molecules
become excited. The cavity then becomes
resonant and a pulse of radiation is pro-
duced. This technique can give pulses of
about 10 nanoseconds duration and is
used in *femtochemistry.

dyes Substances used to impart colour
to textiles, leather, paper, etc. Compounds
used for dyeing (dyestuffs) are generally
organic compounds containing conju-
gated double bonds. The group producing
the colour is the *chromophore; other
noncoloured groups that influence or
intensify the colour are called *auxo-
chromes. Dyes can be classified according
to the chemical structure of the dye mol-
ecule. For example, azo dyes contain the
-N=N- group (see AZO COMPOUNDS). In
practice, they are classified according to
the way in which the dye is applied or is
held on the substrate.

Acid dyes are compounds in which the
chromophore is part of a negative ion
(usually an organic sulphonate RSO,07).
They can be used for protein fibres (e.g.
wool and silk) and for polyamide and
acrylic fibres. Originally, they were ap-
plied from an acidic bath. Metallized dyes
are forms of acid dyes in which the nega-
tive ion contains a chelated metal atom.
Basic dyes have chromophores that are

part of a positive ion (usually an amine
salt or ionized imino group). They are
used for acrylic fibres and also for wool
and silk, although they have only moder-
ate fastness with these materials.

Direct dyes are dyes that have a high
affinity for cotton, rayon, and other cellu-
lose fibres. They are applied directly from
a neutral bath containing sodium chloride
or sodium sulphate. Like acid dyes, they
are usually sulphonic acid salts but are
distinguished by their greater substantiv-
ity (affinity for the substrate), hence the
alternative name substantive dyes.

Vat dyes are insoluble substances used
for cotton dyeing. They usually contain
keto groups, C=0, which are reduced to
C-OH groups, rendering the dye soluble
(the leuco form of the dye). The dye is ap-
plied in this form, then oxidized by air or
oxidizing agents to precipitate the pig-
ment in the fibres. Indigo and anthro-
quinone dyes are examples of vat dyes.
Sulphur dyes are dyes applied by this tech-
nique using sodium sulphide solution to
reduce and dissolve the dye. Sulphur dyes
are used for cellulose fibres.

Disperse dyes are insoluble dyes applied
in the form of a fine dispersion in water.
They are used for cellulose acetate and
other synthetic fibres.

Reactive dyes are compounds that con-
tain groups capable of reacting with the
substrate to form covalent bonds. They
have high substantivity and are used par-
ticularly for cellulose fibres.

dyke A sheetlike vertical *intrusion of
igneous rock cutting across the strata of
older rocks. Dykes vary in thickness from
a few centimetres to several metres. Sev-
eral dykes may be grouped, radially or in
parallel, as a dyke swarm. Depending on
composition and how long it took to cool,
a dyke’s grain structure may be coarse,
medium, or fine.

dynamical meteorology The branch
of meteorology concerned with motions
in the atmosphere. It is based on hydrody-
namics and thermodynamics.

dynamic equilibrium See EQUILIBRIUM.

dynamics The branch of mechanics con-
cerned with the motion of bodies under
the action of forces. Time intervals, dis-
tances, and masses are regarded as funda-
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mental and bodies are assumed to possess
*inertia. Bodies in motion have an at-
tribute called *momentum (see NEWTON’S
LAWS OF MOTION), which can only be
changed by the application of a force.
Compare KINETICS; STATICS.

dynamite Any of a class of high explo-
sives based on nitroglycerin. The original
form, invented in 1867 by Alfred Nobel,
consisted of nitroglycerin absorbed in
kieselguhr. Modern dynamites, which are
used for blasting, contain sodium or am-
monium nitrate sensitized with nitro-
glycerin and use other absorbers (e.g.
wood pulp).

dynamo An electric *generator, espe-
cially one designed to provide *direct cur-
rent. Alternating-current generators can
be called dynamos but are more often
called alternators.

dynamo action The generation of elec-
trical current and magnetic field by the
motion of an electrically conducting fluid.
It is generally believed that the magnetic
fields of the earth and the sun are pro-
duced by dynamo action in the molten
iron-nickel core of the earth and in the
plasma of the solar interior.

dynamometer 1. An instrument used

to measure a force, often a spring balance.

2. A device used to measure the output

power of an engine or motor. 3. (current
dynamometer) A variety of *current bal-
ance, for measuring electric current.

dyne The unit of force in the *c.g.s. sys-
tem; the force required to give a mass of
one gram an acceleration of 1 cm s™2.

1 dyne = 10~ newton.

dysprosium Symbol Dy. A soft silvery
metallic element belonging to the *lan-
thanoids; a.n. 66; r.a.m. 162.50; r.d. 8.551
(20°C); m.p. 1412°C; b.p. 2562°C. It occurs
in apatite, gadolinite, and xenotime, from
which it is extracted by an ion-exchange
process. There are seven natural isotopes
and twelve artificial isotopes have been
identified. It finds limited use in some al-
loys as a neutron absorber, particularly in
nuclear technology. It was discovered by
Paul Lecoq de Boisbaudran (1838-1912) in
1886.

dystectic mixture A mixture of sub-
stances that has a constant maximum
melting point.

dystrophic Describing a body of water,
such as a lake, that contains large
amounts of undecomposed organic matter
derived from terrestrial plants. Dystrophic
lakes are poor in dissolved nutrients and
therefore unproductive; they are common
in peat areas and may develop into peat
bogs.



e The irrational number defined as the
limit as n tends to infinity of (1 + 1/n)" It
has the value 2.718 28.... It is used as the
base of natural *logarithms and occurs in
the *exponential function, e*.

ear The sense organ in vertebrates that
is specialized for the detection of sound
and the maintenance of balance. It can be
divided into the *outer ear and *middle
ear, which collect and transmit sound
waves, and the *inner ear, which con-
tains the organs of balance and (except in
fish) hearing (see illustration).

eardrum See TYMPANUM.

early universe The study of *cosmol-
ogy at the time very soon after the *big
bang. Theories of the early universe have
led to a mutually beneficial interaction
between cosmology and the theory of *el-
ementary particles, particularly *grand
unified theories.

Because there were very high tempera-
tures in the early universe many of the

*broken symmetries in *gauge theories
become unbroken symmetries. As the
universe cools after the big bang there is
thought to be a sequence of transitions to
broken symmetry states.

Combining cosmology with grand
unified theories helps to explain why the
observed universe appears to consist of
matter with no antimatter. This means
that one has a nonzero *baryon number
for the universe. This solution relies on
the fact that there were nonequilibrium
conditions in the early universe due to its
rapid expansion after the big bang.

An important idea in the theory of the
early universe is that of inflation - the
idea that the nature of the *vacuum state
gave rise, after the big bang, to an expo-
nential expansion of the universe. The
hypothesis of the inflationary universe
solves several long-standing problems in
cosmology, such as the flatness and
homogeneity of the universe. Quantum
fluctuations during inflation have been
suggested as a mechanism for the forma-
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tion of large-scale structures. Evidence for
this theory has been provided by *COBE
and by *WMAP.

ear ossicles Three small bones - the
incus (anvil), malleus (hammer), and stapes
(stirrup) - that lie in the mammalian
*middle ear, forming a bridge between
the tympanum (eardrum) and the *oval
window. The function of the ossicles is to
transmit (and amplify) vibrations of the
tympanum across the middle ear to the
oval window, which transfers them to the
*inner ear. Muscles of the middle ear con-
strict the movement of the ossicles. This
serves to safeguard the ear from damage
caused by excessively loud noise.

earth The planet that orbits the sun be-
tween the planets Venus and Mars at a
mean distance from the sun of

149 600 000 km. It has a mass of about
5.974 x 10** kg and an equatorial diame-
ter of 12 756.3 km. The earth consists of
three layers: the gaseous atmosphere (see
EARTH’S ATMOSPHERE), the liquid *hydro-
sphere, and the solid *lithosphere. The
solid part of the earth also consists of
three layers: the crust with a mean thick-
ness of about 32 km under the land and
10 km under the seas; the mantle, which
extends some 2900 km below the crust;
and the core, part of which is believed to
be liquid. The crust has a relative density
of about 3 and consists largely of sedimen-
tary rocks overlaying igneous rocks. The
composition of the crust is: oxygen 47%,
silicon 28%, aluminium 8%, iron 4.5%, cal-
cium 3.5%, sodium and potassium 2.5%
each, and magnesium 2.2%. Hydrogen,
carbon, phosphorus, and sulphur are all
present to an extent of less than 1%. The
mantle reaches a relative density of about
5.5 at its maximum depth and is believed
to consist mainly of silicate rocks. The
core is believed to have a maximum
relative density of 13 and a maximum
temperature of 6400 K. See also GEo-
MAGNETISM; PLATE TECTONICS.

earthquake A sudden movement or
fracturing within the earth’s lithosphere,
causing a series of shocks. This may range
from a mild tremor to a large-scale earth
movement causing extensive damage over
a wide area. The point at which the earth-
quake originates is known as the seismic

focus; the point on the earth’s surface di-
rectly above this is the epicentre (or
hypocentre). See SEISMIC WAVES. Earth-
quakes result from a build-up of stresses
within the rocks until they are strained to
the point beyond which they will fracture.
They occur in narrow continuous belts of
activity, which correspond with the junc-
tion of lithospheric plates, including the
circum-Pacific belt, the Alpine-Himalayan
belt, and mid-ocean ridges. The scale of
the shock of an earthquake is known as
the magnitude; the most commonly used
scale for comparing the magnitude of
earthquakes is the logarithmic *Richter
scale (9.5 is the highest recorded magni-
tude on the scale).

earth’s atmosphere The gas that sur-
rounds the earth. The composition of dry
air at sea level is: nitrogen 78.08%, oxygen
20.95%, argon 0.93%, carbon dioxide
0.03%, neon 0.0018%, helium 0.0005%,
krypton 0.0001%, and xenon 0.00001%. In
addition to water vapour, air in some lo-
calities contains sulphur compounds,
hydrogen peroxide, hydrocarbons, and
dust particles.

The lowest level of the atmosphere, in
which most of the weather occurs, is
called the troposphere. Its thickness
varies from about 7 km at the poles to
28 km at the equator and in this layer
temperature falls with increasing height.
The next layer is the stratosphere, which
goes up to about 50 km. Here the temper-
ature remains approximately constant.
Above this is the ionosphere, which ex-
tends to about 1000 km, with the temper-
ature rising and the composition
changing substantially. At about 100 km
and above most of the oxygen has dissoci-
ated into atoms; at above 150 km the per-
centage of nitrogen has dropped to nil. In
the ionosphere the gases are ionized by
the absorption of solar radiation. This en-
ables radio transmissions to be made
round the curved surface of the earth as
the ionized gas acts as a reflector for cer-
tain wavelengths. The ionosphere is di-
vided into three layers. The D-layer
(50-90 km) contains a low concentration
of free electrons and reflects low-
frequency radio waves. The E-layer
(90-150 km) is also called the Heaviside
layer or Heaviside-Kennelly layer as its ex-
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istence was predicted independently by
Oliver Heaviside (1850-1925) and Arthur
E. Kennelly (1861-1939). This layer reflects
medium-frequency waves. The F-layer
(150-1000 km) is also called the Appleton
layer after its discoverer Sir Edward Ap-
pleton (1892-1965). It has the highest con-
centration of free electrons and is the
most useful for radio transmission. Wave-
lengths between 8 mm and 20 m are not
reflected by the ionosphere but escape
into space. Therefore television transmis-
sions, which utilize this range, require
artificial *satellites for reflection (or recep-
tion, amplification, and retransmission).
From about 400 km, the outermost region
of the atmosphere is also called the exo-
sphere. See illustration.

earth sciences A group of sciences con-
cerned with the study of the earth. The
chief earth sciences are geology, physical
geography, oceanography, meteorology,
geophysics, and geochemistry.
earthshine Sunlight reflected from the

surface of the earth. An observer in space
may see nearby objects dimly illuminated

log,, density (kg m=)

by earthshine, as things on earth may be
illuminated by moonlight. Under certain
conditions near new moon the dark disc
of the moon can be seen faintly illumi-
nated by earthshine - a phenomenon
called ‘the old moon in the new moon’s
arms’.

earthslide The movement of a layer of
dry soil down a slope. The soil layer is in-
herently unstable and shears, sometimes
brought about by the action of water. But
if the soil becomes very wet, and the
slope is steep, an earthflow may occur.
Contributory factors are sparse vegetation
and sudden rainfall.

earth’s magnetic field See GEOMAG-
NETISM.

earwigs See DERMAPTERA.
ebonite See VULCANITE.

ebullioscopic constant See ELEVATION
OF BOILING POINT.

ebullioscopy The use of *elevation of
boiling point to determine relative mo-
lecular masses.
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eccentricity See conic.

Eccles, Sir John Carew (1903-97) Aus-
tralian physiologist, who was educated in
Melbourne and Oxford, and held appoint-
ments in Britain, Australia, New Zealand
and, finally, the USA. While in Australia
he carried out his best-known work, on
the transmission of nerve impulses across
synapses, which he attributed to the neu-
rotransmitter acetylcholine. He shared
the 1963 Nobel Prize for physiology or
medicine with Sir Alan Hodgkin (1914-98)
and Sir Andrew Huxley (1917- ), who
worked in the same area of biology.

ecdysis (moulting) 1. The periodic loss
of the outer cuticle of arthropods. It starts
with the reabsorption of some materials
in the inner part of the old cuticle and the
formation of a new soft cuticle. The re-
mains of the old cuticle then split; the
animal emerges and absorbs water or
swallows air and increases in size while
the new cuticle is still soft. This cuticle is
then hardened with chitin and lime salts.
In insects and crustaceans ecdysis is con-
trolled by the hormone *ecdysone. 2. The
periodic shedding of the outer layer of the
epidermis of reptiles (except crocodiles) to
allow growth to occur.

ecdysone A steroid hormone, produced
by insects and crustaceans, that stimu-
lates moulting (see ECDYsIS) and metamor-
phosis. It acts on specific gene loci,
stimulating the synthesis of proteins in-
volved in these bodily changes.

ECG See ELECTROCARDIOGRAM.

echelon A form of *interferometer con-
sisting of a stack of glass plates arranged
stepwise with a constant offset. It gives a
high resolution and is used in spectros-
copy to study hyperfine line structure. In
the transmission echelon the plates are
made equal in optical thickness to intro-
duce a constant delay between adjacent
parts of the wavefront. The reflecting
echelon has the exposed steps metallized
and acts like an exaggerated *diffraction
grating.

Echinodermata A phylum of marine
invertebrates that includes the sea
urchins, starfish, brittlestars, and sea cu-
cumbers. Echinoderms have an exoskele-
ton (test) of calcareous plates embedded

in the skin. In many species (e.g. sea
urchins) spines protrude from the test. A
system of water-filled canals (the water
vascular system) provides hydraulic power
for thousands of tube feet: saclike pro-
trusions of the body wall used for loco-
motion, feeding, and respiration.
Echinoderms have a long history: fossils
of primitive echinoderms are known from
rocks over 500 million years old.

echo The reflection of a wave by a sur-
face or object so that a weaker version of
it is detected shortly after the original.
The delay between the two is an indica-
tion of the distance of the reflecting sur-
face. An echo sounder is an apparatus for
determining the depth of water under a
ship. The ship sends out a sound wave
and measures the time taken for the echo
to return after reflection by the sea bot-
tom. Sonar (sound navigation ranging) is a
technique for locating underwater objects
by a similar method. Echoes also occur
with radio waves; reflection of waves
causes an echo in radio transmission and
ghosts in television pictures. See also
RADAR.

echolocation 1. See RADAR; ECHO. 2. A
method used by some animals (such as
bats, dolphins, and certain birds) to detect
objects in the dark. The animal emits a se-
ries of high-pitched sounds that echo back
from the object and are detected by the
ear or some other sensory receptor. From
the direction of the echo and from the
time between emission and reception of
the sounds the object is located, often
very accurately.

ECL See EMITTER-COUPLED LOGIC.

eclipse The total (total eclipse) or partial
(partial eclipse) obscuring of light from a
celestial body as it passes behind or
through the shadow of another body. A
lunar eclipse occurs when the sun, earth,
and moon are in a straight line and the
shadow of the earth falls on the moon. A
solar eclipse occurs when the shadow of
the moon falls on the earth. See illustra-
tions.

eclipsed conformation See CONFORMA-
TION.

ecliptic The *great circle in which the
plane of the earth’s orbit round the sun
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intersects the *celestial sphere. It is thus
the sun’s apparent annual path across the
sky.

ECM Sece EXTRACELLULAR MATRIX.

E. coli See ESCHERICHIA COLIL

ecological niche The status or role of
an organism in its environment. An or-
ganism’s niche is defined by the types of
food it consumes, its predators, tempera-
ture tolerances, etc. Two species cannot
coexist stably if they occupy identical
niches.

ecology The study of the interrelation-
ships between organisms and their natu-
ral environment, both living and
nonliving. For this purpose, ecologists
study organisms in the context of the
*populations and *communities in which
they can be grouped and the *ecosystems
of which they form a part. The study of
ecological interactions provides important
information on the nature and mecha-
nisms of evolutionary change. Advances
made in ecology over the last 25 years

have led to increased concern about the
effects of human activities on the environ-
ment (notably the effects of *pollution),
which has resulted in a greater awareness
of the importance of *conservation.

ecosystem A biological *community
and the physical environment associated
with it. Nutrients pass between the differ-
ent organisms in an ecosystem in definite
pathways; for example, nutrients in the
soil are taken up by plants, which are
then eaten by herbivores, which in turn
may be eaten by carnivores (see FOOD
CHAIN). Organisms are classified on the
basis of their position in an ecosystem
into various *trophic levels. Nutrients and
energy move round ecosystems in loops
or cycles (in the case above, for example,
nutrients are returned to the soil via ani-
mal wastes and decomposition). See CAR-
BON CYCLE; NITROGEN CYCLE.

ectoderm The external layer of cells of
the *gastrula, which will develop into the
epidermis and the nervous system in the
adult. See also GERM LAYERS.

ectoparasite A parasite that lives on
the outside of its host’s body. See PARA-
SITISM.

ectoplasm See CYTOPLASM.
Ectoprocta See BRYOZOA.

ectotherm (poikilotherm) An animal
that maintains its body temperature by
absorbing heat from the surrounding en-
vironment. All animals except mammals
and birds are ectotherms; they are often
described as being cold-blooded and are
unable to regulate their body temperature
metabolically. See POIKILOTHERMY. Compare
ENDOTHERM.

edaphic factor A factor relating to the
physical or chemical composition of the
soil found in a particular area. For exam-
ple, very alkaline soil may be an edaphic
factor limiting the variety of plants grow-
ing in a region.

Eddington limit A limit for the maxi-
mum value of the brightness of a star of a
given mass. This limit exists because the
radiation pressure caused by the nuclear
fusion reactions powering the star has to
counter, but not exceed, the gravitational
force that would cause gravitational col-
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lapse of the star. The existence of this
limit was first pointed out by the English
astrophysicist Sir Arthur Stanley Edding-
ton (1882-1944).

eddy current A current induced in a
conductor situated in a changing mag-
netic field or moving in a fixed one. Any
imagined circuit within the conductor
will change its magnetic flux linkage, and
the consequent induced e.m.f. will drive
current around the circuit. In a substan-
tial block of metal the resistance will be
small and the current therefore large.
Eddy currents occur in the cores of trans-
formers and other electrical machines and
represent a loss of useful energy (the
eddy-current loss). To reduce this loss to a
minimum metal cores are made of insu-
lated sheets of metal, the resistance be-
tween these laminations reducing the
current. In high-frequency circuits *ferrite
cores can be used. Eddy currents in a mov-
ing conductor interact with the magnetic
field producing them to retard the motion
of the conductor. This enables some elec-
trical instruments (moving-coil type) to
utilize eddy currents to create damping.
Eddy currents are also used in *induction
heating.

Edison cell See NICKEL-IRON ACCUMULA-
TOR.

EDTA Ethylenediaminetetraacetic acid,
(HOOCCH,),N(CH,),N(CH,COOH),

A compound that acts as a chelating
agent, reversibly binding with iron, mag-
nesium, and other metal ions. It is used in
certain culture media bound with iron,
which it slowly releases into the medium,
and also in some forms of quantitative
analysis.

EEG Sce ELECTROENCEPHALOGRAM.

effective temperature See LuMI-
NOSITY.

effective value See ROOT-MEAN-SQUARE
VALUE.

effector A cell or organ that produces a
physiological response when stimulated
by a nerve impulse. Examples include
muscles and glands.

effector neuron A nerve cell, such as a
motor neuron, that transmits impulses

from the central nervous system to an *ef-
fector in order to bring about a physiolog-
ical response to changes in the
environment.

efferent Carrying (nerve impulses,
blood, etc.) away from the centre of a
body or organ towards peripheral regions.
The term is usually applied to types of
nerve fibres or blood vessels. Compare AF-
FERENT.

effervescence The formation of gas
bubbles in a liquid by chemical reaction.

efficiency A measure of the perfor-
mance of a machine, engine, etc., being
the ratio of the energy or power it deliv-
ers to the energy or power fed to it. In
general, the efficiency of a machine varies
with the conditions under which it oper-
ates and there is usually a load at which it
operates with the highest efficiency. The
thermal efficiency of a heat engine is the
ratio of the work done by the engine to
the heat supplied by the fuel. For a re-
versible heat engine this efficiency equals
(Ty - T,)/T;, where T; is the thermody-
namic temperature at which all the heat
is taken up and T, is the thermodynamic
temperature at which it is given out (see
CARNOT CYCLE). For real engines it is al-
ways less than this.

efflorescence The process in which a
crystalline hydrate loses water, forming a
powdery deposit on the crystals.

effusion The flow of a gas through a
small aperture. The relative rates at which
gases effuse, under the same conditions,
is approximately inversely proportional to
the square roots of their densities.

egestion The expulsion from the body
of waste food materials that have never
left the gut, particularly the expulsion of
undigested materials from the gut
through the anus (see DEFECATION). Eges-
tion should not be confused with *excre-
tion, in which the waste materials are
produced by metabolic activity in the
body’s tissues.

egg 1. The fertilized ovum (*zygote) in
egg-laying animals, e.g. birds and insects,
after it emerges from the body. The egg is
covered by *egg membranes that protect
it from environmental damage, such as
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drying. 2. (egg cell) The mature female
reproductive cell in animals and plants.
See OOSPHERE; OVUM.

egg membrane The layer of material
that covers an animal egg cell. Primary
membranes develop in the ovary and
cover the egg surface in addition to the
normal plasma membrane. The primary
membrane is called the vitelline mem-
brane in insects, molluscs, birds, and am-
phibians, the chorion in tunicates and
fish, and the zona pellucida in mammals.
Insects have a second thicker membrane,
also called the chorion. Secondary mem-
branes are secreted by the oviducts and
parts of the genital system while the egg
is passing to the outside. They include the
jelly coat of frogs’ eggs and the albumen
and shell of birds’ eggs.

Ehrlich, Paul (1854-1915) German bac-
teriologist, who graduated as a physician
in 1878. After working in a Berlin hospital
for nine years he taught at Berlin Univer-
sity (unpaid because he was a Jew). In
1890 he went to work with Robert Koch
(1843-1910) to study tuberculosis, cholera,
and other diseases. In 1910 he discovered
Salvarsan, an arsenical drug effective
against syphilis. He was awarded the 1908
Nobel Prize for physiology or medicine for
his earlier work on serum therapy.

eigenfunction An allowed *wave func-
tion of a system in quantum mechanics.
The associated energies are eigenvalues.

Einstein, Albert (1879-1955) German-
born US physicist, who took Swiss nation-
ality in 1901. A year later he went to work
in the Bern patent office. In 1905 he pub-
lished five enormously influential papers,
one on *Brownian movement, one on the
*photoelectric effect, one on the special
theory of *relativity, and one on energy
and inertia (which included the famous
expression E = mc?). In 1915 he published
the general theory of relativity, concerned
mainly with gravitation. In 1921 he was
awarded the Nobel Prize. In 1933, as a
Jew, Einstein decided to remain in the
USA (where he was lecturing), as Hitler
had come to power. For the remainder of
his life he sought a unified field theory. In
1939 he informed President Roosevelt
that an atom bomb was feasible and that
Germany might be able to make one.

Einstein coefficients Coefficients used
in the *quantum theory of radiation, re-
lated to the probability of a transition oc-
curring between the ground state and an
excited state (or vice versa) in the pro-
cesses of *induced emission and *sponta-
neous emission. For an atom exposed to
*electromagnetic radiation, the rate of ab-
sorption R, is given by R, = Bp, where p is
the density of electromagnetic radiation
and B is the Einstein B coefficient associ-
ated with absorption. The rate of induced
emission is also given by Bp, with the
coefficient B of induced emission being
equal to the coefficient of absorption. The
rate of spontaneous emission is given by
A, where A is the Einstein A coefficient of
spontaneous emission. The A and B coeffi-
cients are related by A = 8nthv®B/c®, where
his the *Planck constant, v is the fre-
quency of electromagnetic radiation, and
¢ is the speed of light. The coefficients
were put forward by Albert Einstein in
1916-17 in his analysis of the quantum
theory of radiation.

Einstein equation 1. The mass-energy
relationship announced by Einstein in
1905 in the form E = mc?, where E is a
quantity of energy, m its mass, and c is the
speed of light. It presents the concept that
energy has mass. See also RELATIVITY.

2. The relationship

Emax = hf - W,

where E,, is the maximum kinetic en-
ergy of the electrons emitted in the photo-
emissive effect, h is the Planck constant, f
the frequency of the incident radiation,
and W the *work function of the emitter.
This is also written E,,, = hf - ¢e, where e
is the electronic charge and ¢ a potential
difference, also called the work function.
(Sometimes W and ¢ are distinguished as
work function energy and work function
potential.) The equation can also be ap-
plied to photoemission from gases, when
it has the form: E = hf - I, where I is the
ionization potential of the gas.

einsteinium Symbol Es. A radioactive
metallic transuranic element belonging to
the *actinoids; a.n. 99; mass number of
the most stable isotope 254 (half-life 270
days). Eleven isotopes are known. The el-
ement was first identified by Albert
Ghiorso and associates in debris from the
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first hydrogen bomb explosion in 1952.
Microgram quantities of the element did
not become available until 1961.

Einstein shift Sce REDSHIFT.

ejaculation The propulsion of semen
out of the erect penis due to powerful
rhythmic contractions of the urethra. An
ejaculation coincides with the peak of sex-
ual excitement (orgasm) and is accompa-
nied by various physiological effects in
the body, such as increased respiration
rate and heart rate.

ejecta Rocks and other material thrown
up when a crater is formed. Some craters
and their associated ejecta are volanic in
origin, but most (especially on the moon,
Mercury, and other planets and their
satellites) are caused by the impact of me-
teorites. Often these are surrounded by an
ejecta blanket, which is thickest near the
crater’s rim.

Elasmobranchii Se¢e CHONDRICHTHYES.

elastance The reciprocal of *capaci-
tance. It is measured in farad™ (some-
times called a ‘daraf’).

elastic cartilage See CARTILAGE.

elastic collision A collision in which
the total kinetic energy of the colliding
bodies after collision is equal to their total
kinetic energy before collision. Elastic col-
lisions occur only if there is no conversion
of kinetic energy into other forms, as in
the collision of atoms. In the case of
macroscopic bodies this will not be the
case as some of the energy will become
heat. In a collision between polyatomic
molecules, some kinetic energy may

be converted into vibrational and rota-
tional energy of the molecules, but other-
wise molecular collisions appear to be
elastic.

elastic fibres See ELASTIN.

elasticity The property of certain ma-
terials that enables them to return to
their original dimensions after an applied
*stress has been removed. In general, if a
stress is applied to a wire, the *strain will
increase in proportion (see OA on the illus-
tration) until a certain point called the
limit of proportionality is reached. This is
in accordance with *Hooke’s law. There-

after there is at first a slight increase in
strain with increased load until a point L
is reached. This is the elastic limit; up to
this point the deformation of the speci-
men is elastic, i.e. when the stress is re-
moved the specimen returns to its
original length. Beyond the point L there
is permanent deformation when the
stress is removed, i.e. the material has
ceased to be elastic and has become plas-
tic. In the plastic stages individual ma-
terials vary somewhat; in general,
however, at a point B there is a sudden in-
crease in strain with further increases of
stress - this is the yield point. Beyond the
point C, the breaking stress, the wire will
snap (which occurs at point D).

C
elastic limit
? A L B breaking D
o stress
yield point breaking
proportional limit point
0 strain
Elasticity

elastic modulus The ratio of the
*stress applied to a body to the *strain
produced. The Young modulus of elastic-
ity, named after Thomas Young, refers to
longitudinal stress and strain. The bulk
modulus is the ratio of the pressure on a
body to its fractional decrease in volume.
The shear (or rigidity) modulus is the tan-
gential force per unit area divided by the
angular deformation in radians.

elastin A fibrous protein that is the
major constituent of the yellow elastic
fibres of *connective tissue. It is rich in
glycine, alanine, proline, and other non-
polar amino acids that are cross-linked,
making the protein relatively insoluble.
Elastic fibres can stretch to several times
their length and then return to their origi-
nal size. Elastin is particularly abundant
in elastic *cartilage, blood-vessel walls,
ligaments, and the heart.

elastomer A natural or synthetic
rubber or rubberoid material, which
has the ability to undergo deformation
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under the influence of a force and regain
its original shape once the force has been
removed.

electret A permanently electrified sub-
stance or body that has opposite charges
at its extremities. Electrets resemble per-
manent magnets in many ways. An elec-
tret can be made by cooling certain waxes
in a strong electric field.

electrical energy A form of energy re-
lated to the position of an electric charge
in an electric field. For a body with charge
Q and an electric potential V, its electrical
energy is QV. If Vis a potential difference,
the same expression gives the energy
transformed when the charge moves
through the p.d.

electric arc A luminous discharge be-
tween two electrodes. The discharge
raises the electrodes to incandescence, the
resulting thermal ionization largely pro-
viding the carriers to maintain the high
current between the electrodes.

electric-arc furnace A furnace used in
melting metals to make alloys, especially
in steel manufacture, in which the heat
source is an electric arc. In the direct-arc
furnace, such as the Héroult furnace, an
arc is formed between the metal and an
electrode. In the indirect-arc furnace, such
as the Stassano furnace, the arc is formed
between two electrodes and the heat is ra-
diated onto the metal.

electric bell A device in which an elec-
tromagnetically operated hammer strikes
a bell (see illustration). Pressing the bell-
push closes a circuit, causing current to
flow from a battery or mains step-down
transformer through an electromagnet.
The electromagnet attracts a piece of soft
iron attached to the hammer, which
strikes the bell and at the same time
breaks the circuit. The hammer springs
back into its original position again, clos-
ing the circuit and causing the magnet to
attract the soft iron. This process contin-
ues until the bell-push is released.

electric charge See CHARGE.
electric constant See PERMITTIVITY.
electric current Sce CURRENT.

electric displacement (electric flux

density) Symbol D. The charge per unit
area that would be displaced across a
layer of conductor placed across an *elec-
tric field. This describes also the charge
density on an extended surface that could
be causing the field.

electric field A region in which an elec-
tric charge experiences a force usually be-
cause of a distribution of other charges.
The electric field strength or electric inten-
sity (E) at any point in an electric field is
defined as the force per unit charge ex-
perienced by a small charge placed at that
point. This is equivalent to a potential gra-
dient along the field and is measured in
volts per metre. The strength of the field
can alternatively be described by its *elec-
tric displacement D. The ratio DJE for
measurements in a vacuum is the electric
constant g,. In a substance the observed
potential gradient is reduced by electron
movement so that DJE appears to increase:
the new ratio (g) is called the *permittiv-
ity of the substance. An electric field can
be created by an isolated electric charge,
in which case the field strength at a dis-
tance r from a point charge Q is given by
E = Q [4nr’e, where ¢ is the permittivity of
the intervening medium (see COULOMB’S
LAW). An electric field can also be created
by a changing magnetic field.

bell

hammer

light iron
trembler

soft iron
core

spring

switch

cell

Electric bell
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electric flux Symbol . In an *electric
field, the product of the electric flux den-
sity and the relevant area. See ELECTRIC
DISPLACEMENT.

electric flux density See ELECTRIC DIs-
PLACEMENT.

electricity Any effect resulting from the
existence of stationary or moving electric
charges.

electric lighting Illumination provided
by electric currents. The devices used are
the arc lamp, the light bulb (incandescent
filament lamp), and the fluorescent tube.
In the arc lamp, which is no longer used
as a general means of illumination, an
electric current flows through a gap be-
tween two carbon electrodes, between
which a high potential difference is main-
tained. The current is carried by electrons
and ions in the vapour produced by the
electrodes and a mechanism is required to
bring the electrodes closer together as
they are vaporized. The device produces a
strong white light but has many practical
disadvantages. However, arcs enclosed in
an inert gas (usually xenon) are increas-
ingly used for such purposes as cinema
projectors. The common light bulb is a
glass bulb containing a tungsten filament
and usually an inert gas. The passage of
an electric current through the filament
heats it to a white heat. Inert gas is used
in the bulb to minimize blackening of the
glass by evaporation of tungsten. In the
fluorescent tube a glass tube containing
mercury vapour (or some other gas) at a
low pressure has its inner surface coated
with a fluorescent substance. A discharge
is created within the tube between two
electrodes. Electrons emitted by the cath-
ode collide with gas atoms or molecules
and raise them to an excited state (see EX-
CITATION). When they fall back to the
*ground state they emit photons of ultra-
violet radiation, which is converted to vis-
ible light by the coating of phosphor on
the inner walls of the tube. In some
lamps, such as the *sodium-vapour and
*mercury-vapour lamps used in street
lighting, no fluorescent substance is used,
the light being emitted directly by the ex-
cited atoms of sodium or mercury. Vapour
lights are more efficient than filament

lights as less of the energy is converted
into heat.

electric motor A machine for convert-
ing electrical energy into mechanical en-
ergy. They are quiet, clean, and have a
high efficiency (75-95%). They work on
the principle that a current passing
through a coil within a magnetic field will
experience forces that can be used to ro-
tate the coil. In the induction motor, alter-
nating current is fed to a stationary coil
(the stator), which both creates the mag-
netic field and induces a current in the ro-
tating coil (rotor), which it surrounds. The
advantage of this kind of motor is that
current does not have to be fed through a
commutator to a moving part. In the syn-
chronous motor, alternating current fed to
the stator produces a magnetic field that
rotates and locks with the field of the
rotor, in this case an independent mag-
net, causing the rotor to rotate at the
same speed as the stator field rotates. The
rotor is either a permanent magnet or an
electromagnet fed by a direct current
through slip rings. In the universal motor,
current is fed to the stator and, through a
commutator, to the rotor. In the series-
wound motor the two are in series; in the
shunt-wound motor they are in parallel.
These motors can be used with either a.c.
or d.c. but some small motors use a per-
manent magnet as the stator and require
d.c. for the rotor (via the commutator). See
also LINEAR MOTOR.

electric organ An organ occurring on
the body or tail of certain fish, such as the
electric ray (Torpedo) and electric eel (Elec-
trophorus electricus). It gives an electric
shock when touched and is used either to
stun prey or predators or, in some species,
to maintain a weak electric field in the
surrounding water that is used in naviga-
tion. The organ is composed of modified
muscle cells (electroplate cells), nervous
stimulation of which greatly increases the
potential difference across the cell. The
electroplates are in series so a high overall
voltage can be achieved.

electric polarization See DIELECTRIC.

electric potential Symbol V. The en-
ergy required to bring unit electric charge
from infinity to the point in an electric
field at which the potential is being
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specified. The unit of electric potential is
the volt. The potential difference (p.d.) be-
tween two points in an electric field or cir-
cuit is the difference in the values of the
electric potentials at the two points, i.e. it
is the work done in moving unit charge
from one point to the other.

electric power The rate of expending
energy or doing work in an electrical sys-
tem. For a direct-current circuit, it is given
by the product of the current passing
through a system and the potential differ-
ence across it. In alternating-current cir-
cuits, the power is given by VIcos¢, where
Vand I are the RMS values and ¢ is the
*phase angle. Cos¢ is called the power
factor of the circuit.

electric spark The transient passage of
an electric current through a gas between
two points of high opposite potential,
with the emission of light and sound.
*Lightning consists of a spark between a
cloud and earth or between two oppo-
sitely charged parts of the same cloud.

electric susceptibility See suscepriBIL-
ITY.

electrocardiogram (ECG) A tracing or
graph of the electrical activity of the
heart. Recordings are made from elec-
trodes fastened over the heart and usually
on both arms and a leg. Changes in the
normal pattern of an ECG may indicate
heart irregularities or disease.

electrochemical cell See CELL.

electrochemical equivalent Symbol
z. The mass of a given element liberated
from a solution of its ions in electrolysis
by one coulomb of charge. See FARADAY’S
LAws (of electrolysis).

electrochemical series See ELECTRO-
MOTIVE SERIES.

electrochemistry The study of chemi-
cal properties and reactions involving ions
in solution, including electrolysis and
electric cells.

electrochromatography See ELECTRO-
PHORESIS.

electrode 1. A conductor that emits or
collects electrons in a cell, thermionic
valve, semiconductor device, etc. The
anode is the positive electrode and the

cathode is the negative electrode. 2. See
HALF CELL.

electrodeposition The process of
depositing one metal on another by elec-
trolysis, as in *electroforming and
*electroplating.

electrode potential The potential dif-
ference produced between the electrode
and the solution in a *half cell. It is not
possible to measure this directly since any
measurement involves completing the cir-
cuit with the electrolyte, thereby intro-
ducing another half cell. Standard
electrode potentials E€ are defined by
measuring the potential relative to a stan-
dard *hydrogen half cell using 1.0 molar
solution at 25°C. The convention is to des-
ignate the cell so that the oxidized form is
written first. For example,

Pt(s)|H(g)H (aq)|Zn**(aq)|Zn(s)

The e.m.f. of this cell is -0.76 volt (i.e. the
zinc electrode is negative). Thus the stan-
dard electrode potential of the Zn**|Zn
half cell is -0.76 V. Electrode potentials
are also called reduction potentials. See
also ELECTROMOTIVE SERIES.

electrodialysis A method of obtaining
pure water from water containing a salt,
as in *desalination. The water to be
purified is fed into a cell containing two
electrodes. Between the electrodes is
placed an array of *semipermeable mem-
branes alternately semipermeable to posi-
tive ions and negative ions. The ions tend
to segregate between alternate pairs of
membranes, leaving pure water in the
other gaps between membranes. In this
way, the feed water is separated into two
streams: one of pure water and the other
of more concentrated solution.

electrodynamics The study of electric
charges in motion, the forces created by
electric and magnetic fields, and the rela-
tionship between them. Compare ELECTRO-
STATICS.

electroencephalogram (EEG) A trac-
ing or graph of the electrical activity of
the brain. Electrodes taped to the scalp
record electrical waves from different
parts of the brain. The pattern of an EEG
reflects an individual’s level of conscious-
ness and can be used to detect such disor-
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ders as epilepsy, tumours, or brain dam-
age. See also BRAIN DEATH.

electroforming A method of forming
intricate metal articles or parts by *elec-
trodeposition of the metal on a removable
conductive mould.

electroluminescence See LUMINES-
CENCE.

electrolysis The production of a chemi-
cal reaction by passing an electric current
through an electrolyte. In electrolysis,
positive ions migrate to the cathode and
negative ions to the anode. The reactions
occurring depend on electron transfer at
the electrodes and are therefore redox re-
actions. At the anode, negative ions in so-
lution may lose electrons to form neutral
species. Alternatively, atoms of the elec-
trode can lose electrons and go into solu-
tion as positive ions. In either case the
reaction is an oxidation. At the cathode,
positive ions in solution can gain elec-
trons to form neutral species. Thus cath-
ode reactions are reductions.

electrolyte A liquid that conducts elec-
tricity as a result of the presence of posi-
tive or negative ions. Electrolytes are
molten ionic compounds or solutions con-
taining ions, i.e. solutions of ionic salts or
of compounds that ionize in solution. Lig-
uid metals, in which the conduction is by
free electrons, are not usually regarded as
electrolytes. Solid conductors of ions, as in
the sodium-sulphur cell, are also known
as electrolytes.

electrolytic capacitor See cAPACITOR.

electrolytic cell A cell in which elec-
trolysis occurs; i.e. one in which current is
passed through the electrolyte from an
external source.

electrolytic corrosion Corrosion that
occurs through an electrochemical reac-
tion. See RUSTING.

electrolytic gas (detonating gas) The
highly explosive gas formed by the elec-
trolysis of water. It consists of two parts
hydrogen and one part oxygen by volume.

electrolytic rectifier A *rectifier con-
sisting of two dissimilar electrodes im-
mersed in an electrolyte. By suitable
choice of electrodes and electrolyte the

cell can be made to pass current easily

in one direction but hardly at all in the
other. Examples include a lead-
aluminium cell with ammonium phos-
phate(V) electrolyte and a tantalum-lead
cell with sulphuric acid as the electrolyte.

electrolytic refining The purification
of metals by electrolysis. It is commonly
applied to copper. A large piece of impure
copper is used as the anode with a thin
strip of pure copper as the cathode. Cop-
per(I) sulphate solution is the electrolyte.
Copper dissolves at the anode: Cu — Cu?*
+ 2e, and is deposited at the cathode. The
net result is transfer of pure copper from
anode to cathode. Gold and silver in the
impure copper form a so-called anode
sludge at the bottom of the cell, which is
recovered.

electrolytic separation A method of
separating isotopes by exploiting the dif-
ferent rates at which they are released in
electrolysis. It was formerly used for sepa-
rating deuterium and hydrogen. On elec-
trolysis of water, hydrogen is formed at
the cathode more readily than deuterium,
thus the water becomes enriched with
deuterium oxide.

electromagnet A magnet consisting of
a soft ferromagnetic core with a coil of in-
sulated wire wound round it. When a cur-
rent flows through the wire the core
becomes magnetized; when the current
ceases to flow the core loses its magnetiza-
tion. Electromagnets are used in switches,
solenoids, electric bells, metal-lifting
cranes, and many other applications.

electromagnetic induction The pro-
duction of an electromotive force in a
conductor when there is a change of mag-
netic flux linkage with the conductor or
when there is relative motion of the con-
ductor across a magnetic field. The magni-
tude of the e.m.f. is proportional (and in
modern systems of units equal) to the rate
of change of the flux linkage or the rate of
cutting flux d®/dt; the sense of the in-
duced e.m.f. is such that any induced cur-
rent opposes the change causing the
induction, i.e. E = -d®/dt. See FARADAY’S
LAWS; LENZ’S LAW; NEUMANN’S LAW; IN-
DUCTANCE.
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electromagnetic interaction See FuN-
DAMENTAL INTERACTIONS.

electromagnetic pump A pump used
for moving liquid metals, such as the lig-
uid-sodium coolant in a fast nuclear reac-
tor. The liquid is passed through a
flattened pipe over two electrodes be-
tween which a direct current flows. A
magnetic field at right angles to the cur-
rent causes a force to be created directly
on the liquid, along the axis of the tube.
The pump has no moving parts and is
therefore safe and trouble free.

electromagnetic radiation Energy re-
sulting from the acceleration of electric
charge and the associated electric fields
and magnetic fields. The energy can be re-
garded as waves propagated through
space (requiring no supporting medium)
involving oscillating electric and magnetic
fields at rig